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TITLE OF THE INVENTION 

1,2,4-OXADIAZOLE DERIVATIVES AS DffEPTIDYL PEPTDDASE-IV INHIBITORS FOR THE 
TREATMENT OR PREVENTION OF DIABETES 



3 FIELD OF THE INVENTION 

The present invention relates to novel 1,2,4-oxadiazole derivatives which are inhibitors 
of the dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are useful in the treatment or 
prevention of diseases in which the dipeptidyl peptidase-IV enzyme is involved, such as diabetes and 
particularly type 2 diabetes. The invention is also directed to pharmaceutical compositions comprising 
10 these compounds and the use of these compounds and compositions in the prevention or treatment of 
such diseases in which the dipeptidyl peptidase-IV enzyme is involved. 

BACKGROUND OF THE INVENTION 

Diabetes refers to a disease process derived from multiple, causative factors and 

IS characterized by elevated levels of plasma glucose or hyperglycemia in the fasting state or after 

administration of glucose during an.oral glucose tolerance test. Persistent or uncontrolled hyperglycemia 
is associated with increased and premature morbidity and mortality. Oftisn abnormal glucose 
homeostasis is associated both directly and indirectly with alterations of the lipid, lipoprotein and 
apolipoprotein metabolism and other metabolic and hemodynamic disease. Therefore patients with Type 

20 2 diabetes mellitus are at especially increased risk of macrovascular and microvascular complications, 
including coronary heart disease, stroke, peripheral vascular disease, hypertension, nephropathy, 
neuropathy, and retinopathy. Therefore, therapeutical control of glucose homeostasis, lipid metabolism 
and hypertension are critically importaiit in the clinical management and treatment of diabetes nriellitus. 

There are two generally recognized forms of diabetes. In type 1 diabetes, or insulin- 

25 dependent diabetes mellitus {IDDM)» patients produce little or no insulin, the hormone which regulates 
glucose utilization. In type 2 diabetes, or noninsulin dependent diabetes mellitus (NIDDM), patients 
often have plasma insulin levels that are the same or even elevated compared to nondiabetic subjects; 
however, these patients have developed a resistance to the insulin stimulating effect on glucose and lipid 
metabolism in the main insulin-sensitive tissues, which are muscle, liver and adipose tissues, and the 

3C plasma insulin levels, while elevated, are insufficient to overcome the pronounced insulin resistance. 

Insulin resistance is not primarily due to a diminished number of insulin receptors but to 
a post-insulin receptor binding defect that is not yet understood. This resistance to insulin 
responsiveness results in insufficient insulin activation of glucose uptake, oxidation and storage in 
muscle and inadequate insulin repression of lip>o]ysis.in adipose tissue and of glucose production and 

35 secretion in the liver 

. 1 - 
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The available treatments for type 2 diabetes, which have not changed substantially in 
Avany ycais, liave recognized linutations. While physical exercise and veductibiiS in dietary intake oi 
calories will dramatically improve the diabetic condition, compliance with this treatment is very poor 
because of well-entrenched sedentary lifestyles* and excess food consumption, especially of foods 
containing high amounts of saturated fat. Increasing the plasma level of insulin by admimstiation of 
sulfonylureas (e.g. tolbutamide and glipizide) or meglitinide, which stimulate the pancreatic P-cells to 
i ' Crete more insulin, and/or by injection of insulin when sulfonylureas or meglitinide become ineffective, 
- cin result in insulin concentrations high enough to stimulate the very insulin-resistant tissues. However, 
dangerously low levels of plasma glucose can result from adnunistration of insulin or insulin 
secretagogues (sulfonylureas or meglitinide), and an increased level of insulin resistance due to the even 
higher plasma insulin levels can occur. The biguanides increase insulin sensitivity resulting in some 
correction of hyperglycemia. However, the two biguanides, phenfonnin and nietformin, can induce lactic 
acidosis and nausea/diairhea. Metfornun has fewer side effects than phenformin and is often prescribed 
:s >T the treatment of Type 2 diabetes. 

The glitazones (i.e. 5-benzylthiazoIidinc v-,4-d]oues) are a mom lecentl) described class 
of compounds with potential for ameliorating many symptoms of type 2 diabetes. These agents 
i-ubstantially increase insulin sensitivity in muscle, liver and adipose tissue in several animal models of 

'm 2 diabetes lesulting in partial or complete correction, of the elevated plasma levels of glucose 
v/ithout occurrence of hypoglycemia. The glitazones that are currently marketed are agonists of the 
I'firoxisome proliferator activated receptor (PPAR), primaiily the PPAR-gamma subtype. PPAK-gamma 

: Duism is generally believed to be responsible for the improved insulin sensititization that is observed 
with the glitazones. Newer PPAR agonists tiiat are being tested for treatment of Type H diabetes are 
agonists of the alpha, gamma or delta subtype^ or a combination of these, and in many cases are 
chemically different from the glitazones (i.e^, they are not thiazolidinediones). Serious side effects (e.g. 
iiver toxicity) have occurred with some of the glitazones, such as toglitazone.' 

Additional methods of treating the disease are still under investigation. New 
V nxrhemical approaches that have been recently introduced or^je still under development include 
.Xeatment with alpha-glucosidase inhibitors (e.g. acarbo.^e) and protein tyrosine phosphatase- IB (PTP- 
i.B) inhibitors. 

Compounds that are inhibitors of the dipeptidyl peptidase-IV C'DP-P/" or "DPP-R^") 
f 'izyme are also under investigation as drugs that may be useful in the treatment of diabetes, and 
particularly type 2 diabetes. See for example WO 97/40832, WO 98/19998, U.S. Patent No. 5,939.560. 
Bioorp. Med. Cbem. Lett ., 6: 1163-1166 (1996); and Bioorp. Med. Chem. Lett: 6: 2745-2748 (1996). 
The usefulness of DP-IV inhibitor in the treaunfient of type 2 diabetes is based on the fact that DP-IV in 
vc readily inactivates glucagon like peptide-l (GLP-1) and gastric inhibitory peptide (GIP). GLP-1 and 
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CTP are incretins and are produced when food is consumed. . The incredns stimulate production of 
insulin. Inhibition of DP-IV leads to decreased inactivation of the incretins, and this in turn results in 
increased effectiveness of the incretins in stimulating production of insulin by the pancreas. DP-IV . 
inhibition therefore results in an increased level of serum insulin. Advantageously, since the incretins are 
5 produced by the body only when food is consumed, DP-IV inhibition is not expected to increase the level 
of insulin at inappropriate times, such as between meals, which can lead to excessively low blood sugar 
(hypoglycemia). Inhibition of DP-IV is therefore expected to increase insulin without increasing the risk 
of hypoglycemia, which is a dangerous side effect associated with the use of insulin secretagogues. 

DP-IV inhibitors also have other therapeutic utilities, as discussed herein. DP-IV 
.10 inhibitors have not been studied extensively to date, especially for utilities other than diabetes. New 

coirq)ounds are needed so that improved DP-IV inhibitors can be found' for the treatment of diabetes and 
potentially other diseases and conditions. The therapeutic potential of DP-IV inhibitors for the treatment 
• of type 2 diabetes is discussed by D.J. Drucker in Exp. Opin. Invest. Drugs! 12: 87-100 (2003) and by K. 
Augustyns, et al., in Exp. Opin. Ther. Patents , 13: 499-5 10 (2003). 

15 

SUMMARY OF THE INVENTION 

The present invention is directed to novel l,2,4-oxadia2ole derivatives which are 
inhibitors of the dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are useful in the 
treatment or prevention of diseases in which the dipeptidyl peptidase-IV enzyme is involved, such as 
20 diabetes and particularly type 2 diabetes. The invention is also directed to pharmaceutical compositions' 
comprising these compounds and the use of these compounds and compositions in the prevention or 
treatment of such diseases in which the dipeptidyl peptidase-IV enzyme is involved. 

DETAILED DESCRJPTION OF THE INVENTION 
25 The present invention relates to novel l,2,4-6xddiazoIe derivatives useful as inhibitors of 

dipeptidyl peptidase-IV. Confounds of the present invention are described by structural formula I: 

R2 O 
N'O NH2 ^^yX 

a) . 

or a pharniaceutically acceptable salt thereof; wherein 
' each n is independently 0, 1, or 2; 
30 m and pare each independently 0 or 1; 

-3- 
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(CH2)tr^tieToziy], v/herein hetevoaryi is unsubstii-ated oi subctituitd %viih one to three 
substicuents independently selected frorn hydL"cx>. aatogen, CO2H, Ci-6 
alkyloxycarbonyl, Ci^ alkyl C3^ cycloalkyl, and Ci-6 alkoxy, wherein alkyl and 

alkoxy are unsubstituted or substituted witH one to five halogens, 
5 (C2l2>n'-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to three 

substituents independently selected from 0x0, hydroxy, halogen, CO2H, Ci-g 
alk>'loxycarbonyl, Ci-6 alkyl, Cs^ cycloalkyl, and Ci-g alkoxy, wherein alkyl and 

alkoxy arc unsubstituted or substituted with one to five halogens, 
(CH2)d.*C3.6 cycloalkyl, wherein cycloalkyl is. unsubstituted Or substituted with one to three 
10 substituents independently selected from halogen, hydroxy, Ci^ alkyl, and Ci^ alkoxy, 

wherein alkyl and alkoxy axe unsubstituted or substituted with one to five halogens, 
wherein any methylene (CH2) carbon atom in R"^ is unsubstituted or substituted witli one to two 
groups independently selected from halogen, hydroxy^ and Qi 4 alkyl .unsubi^tituted or 
. .^:ubi;tiruted vHh one to fi halogens; 
t;, • ■ ■ • • ■ 

r5 and art each independently selected from the gioup consisting of hydrogen, ietrazolyl, thiazolyl, 
(CH2)n-phenyl, (CH2)n'C3-t cycloalkyl, apd Cj.^ alkyl, wherein alkyl is unsubstituted or substituted 

v/ith one to five substituents independently selected from halogen and hydroxy and wherein phenyl and 
Tcloalkyl arc unsubstituted or substituted with one to five substituents indepeiidently selected from 
halogen, hydroxy, Ci^ alkj'J, and Cj -6 alkoxy, wherein alkyl and alkoxy are unsubstituted o?. substituted ' # 

v/ith one to five halogens; 

and R6 together with the nitrogein atom to which they are attached foim a heterocyclic ring 
: filected from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said heterocyclic 
ring is unsubstituied or substituted with one to three substituents independently selected from halogen, 
ijydroxy, Ci^ alkyl, and alkoxy. v.'herein alkyl and alkoxy are urisubstiti'ted or substituted with one « • 

to five halogens; 

"cxh R8 is independently selected from the group consisting of tetrazolyl, thiazolyl, (CH2)n-phenyi, 
^/ H2)n-C3^ cycloalkyl, and Ci^ alkyl, wherein alkyl is unsubstituted or substituted with one to five 

-V halogens and wherein phenyl and cycloalkyl are unsubstituted or substituted with one to five substituents ^'^ 
independently selected from halogen, hydroxy, Ci^ alkyl, and 

C]^ alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one -to five halogens, and 
herein aiiy methylene {CH2) carbon atom in R8 is unsubstituted or substituted with one to two groups 
ixlcpsndentiy selected from halogen. hydrc»xy, and C14 alkyl unsubstituted or substituted with one to 
;>^^.. iive halogens; and ,> 

.6*-. • ■ • " - ■ ■ 



wo 2005/108382 PCT/US2005/015133 



e^h R7 is hydrogen or RS. 

Jd one embodiment of the con^unds of the present invention, the carbon aton marted 
with an * has the sta-eochemical ccmfiguration as depicted in formula la: 

R2 O 



N-O NH2 ^^yX 



wherein W, X, Z, m, p, , r2, and R.3 are. as defined above. 

In a class of this embodiment of the compounds of the present .invention, die carbon atom 
attached to R^ marked withan has the steieochenucal configuration as depicted in the formula lb: 

R2 O ri 




N-O NH2 Is^^yX 



P 

Ob) . .. . 

10 wherein W, X,Z, m,p,R^,R2, and R3 are as defined above. ... 

In a second embodiment of the conq)Ouhds of the present invention, m is 1 and p is 0 as 

• •*■ *. f • 

depicted in formula Ic: 

r2 o rv . : 



(Ic) 

wherein W, X, RI , R^. and r3 are as defined above. 
IS A class of this embodiment encompasses compounds wherein the carbon atom marked 

with an * and the carbon atom marked with an^* have the stereochemical configurations as depicted in 
the formula Id: 
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wherein any methylene (CH2) carbon atom in is unsabstituted oi' substituted with one to two 
groups independently selected from halogen, hydroxy, and Q 4 alkyl unsubstituted or 
substituted with one to five halogens. 

In a class of this embodiment of the compounds of the present invention, R2 is selected 
5 from the group consisting of 

C1.3 alkyl, wherein alkyl is unsubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy, 
CH2-C3-6 cycloalkyl, 
COOH, 

10 COOCi^ alkyl, 

CONR5r6, wherein and R6 are independently selected froni the group consisting of 

hydrogen, tetrazolyl, thiazolyl, (CH2)n-phenyl, lCH2)n-C3-6 cycloalkyl. and Ci-g alkyl. 

wherein alkyl is unsubstituted or substituted with one to five substituents independently 
selected from halogen and hydroxyand wherein phenyl and cycloalkyl are unsubstituted 
15 or substituted with one to five substituents independently selected from halogen, 

hydroxy, C]^ alkyl, and Ci-g alkoxy, wherein alkyl ah4 alkoxy are unsubstituted or 

substituted with one to five halogens; 
, or wherein and R^ together with the nitrogen atom to which they are attached form a 
heterocyclic ring selected from azetidine, pyrrolidine, piperidine, piperaziiie, and 
20 morpholine wherein said heterocyclic ring is unsubstituted or substituted with pne to five 

substituents independently selected from halogen, hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, 

wherein alkyl and alkoxy are unsubstituted or substituted with;one to five halogens. 
A sixth embodiment of the present invention encompasses: comipounds of structural 

formula E: 



.R2 O 



m 



N'O NH2 ^^yx 



2^ OH) 

wherein X is CH2, S, CHF, or CF2; 
W and Z are each independently CH2, CHF, or CF2; 
R3 is aryl. unsubstituted or substituted with one to three R4 substituents; 
r2 is selected from the group consisting of: 
30 methyl. 

-10- 
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ethyl, . . . - , 

. propyl, 
2-methylpropyU 
propenyl, 
CH2-cycIopropyl, 

CH2-{ 1 -methy Icy clopropy 1), 
2-hydroxyethyl, and 
2,2-<Jifluoropropyl; and 
each R4 is independently selected from the group consisting of: 
halogen, 

Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one to five halogens, . 
Ci^ alkoxy, wherein alkoxy is unsubstituted or substituted with one to five halogens, 
S02NR5r6 

SO2R8. 

NR7S02R8,and 

heteroaryl, wherein heteroaryl is unsubstituted or substituted with one to three substituents 
independently selected from hydroxy, halogen. CO2H, 

C1.6 alkyloxycarbonyl. Ci-6 alkyl, and Ci-6 alkoxy. wherein alkyl and alkoxy are 

unsubstituted or substituted with one to five halogens. 

In a class of this embodiment, Ilp is Selected from the group consisting of: 
2-(trifluoromethoxy)phenyl, 
4-(trifluoromethoxy)phenyl. 

3,5-dichlorophenyl, . , 

2.4- dichlorophenyI, . . 
7.,4-difiuorophenyl, 

3.5- difluorophenyl, 
/.-fluoropheuyl, 
4-fluorophenyl, 
2-chlorophenyl, 
4-chlorophenyl, 

2- (trifluoroniethyl)phenyl, 

3- (trifluoromethyl)phenyl, 

4- {trifluoroinethyl)phenyl, 
2-fluoro-4-(trifluoromethyl)phenyl. 

2-chloro-4-(trifluoromethyl)phenyl, ' . 
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CI I O > 



and 




MeSOa 



or a pharmaceutically acceptable salt thereof. 

As used herein the following definitions are applicable. 

"Alkyl", as well as other groups having the prefix ''alk", such as alkoxy and alkanoyl, 
5 means carbon chains which may be linear or branched, and combinations thereof, unless the carbon chain 
xs defined otherwise. Examples of alkyl groups include inethyU ethyl, propyl, isopropyl, butyl, sec- and 
tCTt-butyU pentyl, hexyl, heptyl, octyl, nonyl, and the like. Where the.specified nuniber of carbon atoms 
permits, e.g.. from C3-io» the term alkyl also includes cycloalkyl groups, and cpmbinations of linear or 

branched alkyl chains combined with cycloalkyl ^tnicturcf:. When no number of carbon atoms, is 
10 specified, Ci^ is intended. 

''Cycloalkyl" is a subset of alkyl and means a saturated carbocyclic ring having a 
specified number of carbon atoms. Examples of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, 
s:yclohexyl, cycloheptyl, cyclooctyl, and the like. A cycloalkyl group generally is monocyclic unless 
stated otherwise. Cycloalkyl groups are saturated unless otherwise defined. 

The term "alkoxy" refers to sti^ight or branched chain alkoxides- of the number of carbon 
atoms specified (e.g., Cl-io alkoxy). or any nuniber within this range [i.e., methoxy (MeO-), ethoxy. 

isopropoxy, etc.}. 

The term "alkylthio" refers to straight or branched chain alkylsulndes of. the number of 
carbon atoms specified (e.g., Ci-io alkyldiio), or any number within this range [i.e., methylthio (MeS-), 

:A0 ethylthio, isopropylthio, etc.]. 

The term "alkylamino" refers to straight or branched alkylamines of the number of 
V arbc«n atoms specified (e.g., Ci-6 alkylamino), or any number within this range [i.e., methylamino, 

» thylamino, isopropylamino, t-butylamino, etc.]. 

The term "alkyl sulfonyl" refers to straight or branched chain alkylsulfones of the number 
25 of carbon atoms specified (e.g., Ci-6 alkylsulfonyl), or any number within this range [i.e.. methylsulfonyl 
{MeSC>2-)t cthylsulfonyl, isopropylsulfonyl, etc.], . 

The term "alkyloxycarbonyr* refers to straight or branched chain esters of a carboxylic 
acid derivative of %he present invention of tihe number of carbon atoms specified (e.g., Ci^ 

.14- 
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alkyloxycarbqnyl), or any number within this range [i.e*, methyloxycarbonyj (MeOCX)-). 
ethyloxycarbpnyl, or butyloxycarbonyl]. 

"Aryl** means a mono- or polycyclic aromatic ring system containing carbon ring atoms. 
The preferred aiyls are monocyclic or bicyclic 6-10 membered aromatic ring systems. Phenyl and 
5 naphthyl are preferred aiyls. The most preferred aryl is phenyl. 

"Heterocycle" and "heterocyclyl" refer to saturated or unsaturated non-aromatic rings or 
ring systems coritaining at least one heteroatom selected from O, S and N, further including the oxidized 
forms of sulfur, namely SO and SO2. Examples of heterocycles include tetrahydrofiiran (THF), 
dihydrofuran, 1,4-dioxane, morpholine, l,4-dithiane,pipera2ine, piperidine, 1,3-dioxolane, 
10 • vimidazolidine, imidazoline, pyrroline, pyrrolidine, tetfahydropyran, dihydropyran,.oxathiplane, 
. vdithjolane, 1,3-dioxane, 1,3-dithiane, oxathiane, thioniorpholine, and the like. 

"Heteroaryl" means an aromatic or partially aromatic heterocycle that contains at least 
one ring heteroatom selected from O, S and N. Heteroaryls also include heteroaryls fused to other kinds 
. of rings, such as aryls, cycloalkyls and heterocycles that are not aromatic. Exairiples of heteroaryl groups 
15 include pyrroly!, isoxazolyl, isothiazolyl, pyrazolyl. pyridinyl, 2-oxo-(1^0-pyridinyl (2-hydroxy- 

pyridinyl), oxazolyl, 1,2,4-oxadiazoIyl, l,3i4-oxadiazoIyl, thiadiazolyl, thiazolyl, imidazolyl, triazolyl, 
. tetrazolyl, furyl, triazinyl, thienyl, pyrimidinyl, pyrazinyl, benzisoxazolyl, benzoxazolyl, benzothiazolyl, 
benzothiadiazolyl, dihydrobenzofuranyl, indolinyl, pyridazinyl, indazolyl, isoindolyl, 
dihydrobenzothienyl, indolizinyl, ciiinolinyl, phthalazinyU.quiriazolinyl, naphthyridinyl, carbazolyl, 
20 benzodioxolyl, quinoxalinyl, purihyl, furazanyl, isobenzylfuranyl, benzimidazolyl, benzofuranyl, 
benzothienyl, quinolyl, indolyi, isoquinolyl, dibenzofuranyl, imidazo[i,2-a]pyridinyU [1,2,4- 
triazolo][4,3-a]pyridinyl, pyrazolo[l,5-fl]pyridinyl, [l,2,4-triazoIo][l,5-a]pyridinyl, 2-oxo-l,3- 
benzoxazolyl, 4-oxo-3W-quinazolinyl, 3-oxo-[l,2,41-triazolof4,3-a]-2//-pyTidinyl, 5-cfxo-[l,2,4]-4//- 
oxadiazolyl, 2-oixo-[l,3,4]-3ifi^-oxadiazolyi, 2-0x6-1, 3-dihydro-2//-imidazolyi, 3-oxo-2,4-dibydro-3//- 
25 1,2,4-triazoiyl, and the like. For heterocyclyl and heteroaryl groups, rings and ring systems containing 
from 3-15 atoms are included, forming 1-3 rings. 

"Halogen" refers to fluorine, chlorine, bromine and iodine. Chlorine and fluorine are 
generally preferred. Fluorine is most preferred when the halogens are substituted on an alkyl or alkoxy 
group (e.g. CF3O and CF3CH2O). 

30 - The compounds of the present invention may contain one or more asymmetric centers 

and can thus occur as racemates and racemic mixtures, single enantiomers, diastereomeric mixtures and 
individual diastereomers. In particular the compounds of the present invention have an asymmetric 
center at the carbon atom marked with an * in formulae Ia,:Ib, Id, If, and Ih and at the carbon atoms 
marked with an * and in formulae lb and Id. Additional asymmetric centers may be present depending 

35 upon the nature of the various substituents on the molecule, such as at the carbon atom to which the 



-15- 
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lubstituent is attached. Each such asymmetric center will independently i^oduce iwo optical isomers and 
it is intended that all of the possible optical isomers and diastereomers in mixtures and as pure or 
partially puritied compounds are included within the ambit of this invention. The present invention is 
meant to comprehend all such isomeric forms of these compounds. 

Some of the compounds described herein contain olefmic double bonds, and unless 
r?.>ecified otherwise, are meant to include both E and Z geometric isomers. 

Some of the compounds described herein may exist as lautomers, which have different 
points of attachment of hydrogen accompanied by one or more double bond shifts. For example, a 
ketone and its enol form are keto-enol tautomers. The individual tautomers as well as mixtures thereof 
are encon^assed with compounds of the present invention. 

Formula I shows the structure of the class of compounds without preferred 
ictereochemistry. formula la shows the preferred stereochemistry at the carbon atom to which is attached 
the amino group of the alpha-amino acid from which these compounds are prepared. Formula lb shows 
the preferred stereochemistry at the carbon atom to which is attached the amino group of the alpha-amino 
:rid from which these compounds are prepared and at the stereogenic carbon atom to which the R1 
t abstituent is attached. 

The independent syntheses of these diastereoniers or their chromatographic separations 
may be achieved as known in the art by appropriate modification of the methodology disclosed herein. 
Their absolute stereochemistry may be determined by the x-ray crystallography of crystalline products or 
crystalline intermediates which are derivatized, if necessary, v/ith a reagent containing an asymmetric 
( enter of known absolute configuration. 

If desired, racemic mixtures of the coi1ff>ourid5 may be sep^ated so that die individual 
f;nantiomers are isolated. The separation can be carried but by methods well known in the art, such as 
the coupling of a racemic mixture of . compounds to ah enantiomerically pure compound to form a 
diastereomeric mixture, followed by separation of the individual diiastereomers by standard methods, 
such as fractional crystallization or chromatography. The coupling reaction is often the formation of 
raits using an enantiomerically pure acid or base. The diasleromeric derivatives may then be converted to 
vhe pure enantiomers by cleavage of the added chiral residue. The racemic mixture of the compounds 
nan also be separated directly by chromatographic methods utilizing chiral stationary phases, which 
methods are well known in the art. 

Alternatively, any enantiomer of a compound may be obtained by stereoselective 
synthesis using optically pure starting materials or reagents of known configuration by methods well 
k^iown in the art. 

It will be understood that, as used herein, references to the compounds of structural 
lomiula 1 are meant to also include the pharmaceutically acceptable salts, and also salts that are not 
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pharmaceutically acceptable when they are used as precursors to the free compounds or their 
pharmaceutically acceptable salts or in other synthetic manipulations. 

The compounds of the present invention may be administered in the form of a 
pharmaceutically acceptable salt. The term '^pharmaceutically acceptable salt** refers to salts prepared * 
5 from pharmaceutically acceptable non-toxic bases or acids including inorganic or organic bases and 
inorganic or organic acids. Salts of basic compounds encompassed within the term "pharmaceutically 
acceptable salt" refer to Don4oxic salts of the compounds of this invention which are generally prepared 
by reacting the free base with a suitable organic or inorganic acid. Representative salts of basic 
compounds of the present invention include, but are not limited to, the following: acetate, 

iO benzenesuifonate, benzoate, bicarbonatCi bisulfate, bitartrate» borate, bromide* camsylate, carbonate, 
chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, 
gluconate, glutamate, glycoUylarsanilate, hexylresorcinate, bydrabamine, hydrobromide, hydrochloride, 
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, 
mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate, N~methylglucamine 

IS ammonium salt, oleate, oxalate, pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate, teoclate, tosylate, - 
triethiodide and valerate. Furthermore, where the compounds of the invention cany an acidic moiety, 
suitable pharmaceuiically acceptable salts thereof include, but are not limited to, salts derived from 
inorganic bases including aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, 

20 manganic, mangamous, potassium, sodium, zinc, and the like. Particularly preferred are the ammonium, 

^calcium, magnesium, potassium, and sodium salts. Salts derived from pharmaceutically acceptable 

organic non-toxic bases include salts of primary, secondary, and tertiary amines, cyclic amines, and basic 
ion-exchange resins, such as arginine, betaine, caffeine, choline, N,N-dibehzylethylenediamine, 
diethylamine,.2-diethylaminoethanol, 2-dimethylaminoethano], ethanolamine, ethylenediamine, N- 

25 ethylmorpholine, N-ethylpiperidine, glu'camine, glucosamine, histidine, hydrabamine, isopropylaniine, 
lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine resins, procaine, purines, 
theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine. and the like. 

Also, in the case of a carboxylic acid (-COOH) or alcohol group being present in the 
compounds of the present invention, pharmaceutically acceptable esters of carboxylic acid derivatives, 

30 such as methyl, ethyl, or pivaloyloxymethyl, or acyl derivatives of alcohols, such as acetate or maleate, 
can be employed. Included are those esters and acyl groups known in the art for modifying the solubility 
or hydrolysis characteristics for use as sustained-release or prodrug formulations. 

Solvates, and in particular, the hydrates of the con^unds of structural fomiula I are 
included in the present invention as well. 
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HIV InfecUon : DP IV inliibition may be useful foi the trsacrnent oi prtvention of HTV iirfeciJon or AIDS 
because a number of chemokines which inhibit HIV cell entry are potential subsuates for.DP-IV 
V ^nmunology Today 20: 367-375 (1999)). In the case of SDF-1 alpha, cleavage decreases antiviral 
activity (PNAS. 95: 6331-6 (1998)). Thus, subilizalion of SDF-lalpha through inhibition of DP-IV 
would be expected to decrease HTV infectivity. 

Hematopoiesis : DP-IV inhibition may be useful for the treatment or prevention of hematopiesis because 
DP-IV may be involved in hematopoiesis. A DP-IV inhibitor, Val-Boro-Pro, stimulated heniatopoiesis in 
a mouse model of cyclophosphamide-induced neutropenia (WO 99/56753). 

Neuronal Disorders : DP-IV inhibition may be useful for the treatment or prevention of various neuronal 
10 or psychiatric disorders because a number of peptides implicated in a variety of neuronal processes are 
cleaved in vitro by DP-IV. A DP-IV inhibitor thus may have a therapeutic benefit in the treatment of 
neuronal disorders. Endomorphin-2,betaH:asomorphin, and substance? have all been shown to be in 
vitro substrates for DP-IV. In all cases, in vitro cleavage is highly efficient, with WKm about 10* M 's'* 
or greater. In an electric shock jump test model of analgesia ifi rats, .a DP-IV inhibitor showed a 
15 significant effect that was independent of the preserxe of exogeuo\is endomorphin-2 (Brain Research . 
815: 278-286 (1999)). Neuroprotective and neuroregcnerative effects of DP-IV inhibitors were also 
evidenced by the inhibitois' ability to protect motor neurons from excitotoxic cell death, to protect 
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acute lymphoblastic leukemia, cell-derived thyroid carcinomas, basal cell carcinomas, and breast 
carcinomas. Thus, DP-IV inhibitors may have utility in the treatment of such carcinomas. . 
Benipn Prosutic Hypertrophy : DP IV inhibition may be useful for the treatment of benign prostatic 
hypertrophy because increased DP-IV activity was noted in prostate tissue from patients wiUi BPH (Eur. 
5 J. Clin. Chem. Clin. Biochem.. 30: 333^338 n99D\ 

Spenn motilitv/male contraception : DP-IV inhibition may be useful for the altering sperm motility and 
for male contraception because in seminal fluid, prostatosomes, prostate derived organelles important for 
sperm motility, possess very high levels of DP-IV activity (Eur. J. Clin. Chem. Clin. Biochem ., 30: 333- 
338 (1992)). 

J 0 Gin^vitis : DP-IV inhibition may be useful for the treatment of gingivitis because DP-IV activity was 
found in gingival crevicular fluid and in some studies correlated with periodontal disease severity (Arch. 
etalBioL 37: 167-173(1992)). 

Osteoporosis : DP-IV inhibition may be useful for the treatment or prevention of osteoporosis because 
GIP receptors are present in osteoblasts. 

15 The compounds of the present invention have utility in treating or preventing one or 

more of the following conditions or diseases: (1) hyperglycemia, (2) low glucose tolerance, (3) insulin 
... resistance, (4) obesity, (i5) lipid disorders, (6) dyslipidemia, (7) byperlipidemia, (8) hypertriglyceridemia, 
(9) h>'percholesterolemia, (10) low HDL levels, (11) high LDL levels. (12) atherosclerosis and its 
sequelae, (13) vascular restenosis. (14) irritable bowel syndrome, (15) inflammatory bowel disease, 

20 including Crohn's disease and ulcerative colitis, (16) other inflammatory conditions, (17) pancreatitis, 
(18) abdominal obesity, (19) neurodegenerative disease, (20) retinopathy, (21) nephropathy, (22) 
neuropathy, (23) Syndrome X, (24) ovarian hyperandrogenism (polycystic ovarian syndrome), (25) Type 
n diabetes, (26) growth hormone deficiency, (27) neutropenia, (28) neuronal disorders, (29) tumor 
metastasis, (30) benign prostatic hypertrophy, (32) gingivitis; 1(33) hypertension, (34) osteoporosis, and 

25 other conditions that may be treated or prevented by inhibition of DP-IV. 

The subject compounds are further useful in a method for the prevention or treatment of 
tie aforementioned diseases, disorders and conditions in combination with other agents. 

The compounds of the present invention may be used in combination with one or more 
other diugs in the treatment, prevention, suppression or amelioration of diseases or conditions for which' 

30 compounds of Formula I or the other drugs may have utility, where the combination of the drugs together 
are safer or more effective than either drug alone. Such other drug(s) may be administered, by a route 
and in an amount commonly used therefor, contemporaneously or sequentially with a compound of 
Formula L When a compound of Foimula I is used contenq)oraneously with one or more other drugs, a 
pharmaceutical composition in unit dosage form containing such Other drugs and the compound of 

35 Formula I is preferred. However, the combination therapy may also include therapies in which the 
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(. ompound of Formula I end ont oi more other drugs are administcrec on different overlapping schedules. 
''A is also ccnremplated diat when used in combination with one or more otlicr active ingredients, the 
compounds of the present mvention and the- other active ingredients may be used in lower doses than 
when each is used singly. Accordingly, the pharmaceutical compositions of the present invention include 
5 those that contain one or more other active ingredients, in addition to a compound of Formula I. 

Examples of other active ingredients that may be administered in combination with a 
compound of Formula I, and either administered separately or in the same pharmaceutical composition, 
?.:\clude, but are not limited to: 

(a) other dipeptidyl peptidase IV 0P-IV) inhibitors; 
aO (b) insulin sensitizers including. (i) PFARy agonists, such as the glitazones (e.g. 

:ii;giitazone, pioglirazone, englitazone, MCC-555, rosiglttazone. balaglitazoiie, and the like) aiid other 
: '^AP ligar.ds, including PPARcx/y dual agonists, such as KRP-297 and niuraglitazar, and PPARa 
;^omsts such as fenofibric acid derivatives (gemfibrozil, clofibrate, fenofibrate and bezafibrate), (ii) 
uiguanides such Tirtfoimin and phenformin, and (iii) protein tyrosine phosphatase- IB (PTF-IB) 
1I.5 inhibitors; 

(c) ^nsulia or insulin mimetics; 

(d) sulfonylureas and other Lnsviliri secre'ago^aes. such as tolbutarnide, glyburide, 
ilpizidC: gli ..icpiride, and mcglitinides, such as nateglinide and repaglinidp; 

(e) a-glucosidase inhibitors (such as acarbose and miglitol); 

.10 (f) glucagon receptor antagonists such as those disclosed in WO 98/04528. WO 

99/0i42'5. WO 00/39088, and WO 00/69810; * 

(g) (jLP-1, GLP-1 analogues or miinetics, and GLP-l receptor agonists, such as exendin- 
-{exenatide). liraglntido (NN-221 1), CITC 1131, LY.307161, and tiiose disclosed in WO 00/42026 &hd 
WO00/59R87; 

>:5 (h) GiP and GIF mimetics, .<uch as those disclosed in WO 00/58360, and GIF reccptoi 

agonists; 

(i) PACAP, PA(^AP mimetice, and PACAP receptor agonists such as tliose disclosed in 

■ / 01/23420; 

(j) cholesterol lowering agents such as (i) HMG-CoA reductase inhibitors (iovastatin, 
30 simvastatin, pravastatin, cerivastatin, fluvastatin, atorvastatin, itavasUtin, and rosuvastatin, and o'her 
s tatins), (ii) sequestrants (cholestyramine, colestipol, and dialkylaminoalkyl derivatives of a cross'-linked 
^tran), (iii) nicotinyl alcohol, nicotinic acid or a salt thereof, (iv) PPARa agonists such as fenofibric 
. :^cid derivatives (gemfibrozil, clofihrate, fenofibrate and bezafibrate), (v) PP ARa^ dual agonists, such 9s 
KRP 297 and muraglitazar, (vi) inhibitors of cholesteiol absorption, such as beta-sitosterol and 
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ezetimibe, (vii) acyl CoAxholesterol acyltransferase inhibitors, such as avasimibe. and (viii) anti- 
oxidants, such as probucol; 

(k) PPAR5 agonists, such as those disclosed in WO 97/28149; 

(1) antiobesity compounds, such as fenfluramine, dexfenfiuramine, phentermine, 
sibutramine, orlistat, neuropeptide Yi or Ys antagonists. CBl receptor inverse agonists and antagonists, 
f33 adrenergic receptor agonists, melanocortin-receptor agonists, in particular n^lanocortin-4 receptor 
agonists, ghrelin antagonists, bombesin receptor agonists (such as bombesin recq>tor subtype-3 agonists), 
and melanin-concentrating hormone (MCH) receptor antagonists; 

(m) ileal bile acid transporter inhibitors; 

(n) agents intended for use in inflammatory conditions such as aspirin, non-steroidal 
anti -inflammatory drugs (NSAIDs). glucocorticoids, azulfidine, and selective cyclooxygenase-2 (COX-2) 
inhibitors; 

(o) antihypertensive agents, such as ACE inhibitors (enalapril, Hsinopril, captopril, 
quinapril, tandolapril), A-II receptor blockers (losartan, candesartan, irbesartan, valsartan, telmisartan, 
and eprosartan), beta blockers and calcium channel blockers; 

(p) glucokinase activators (GKAs); 

(q) glucagon receptor antagonists; 

(r) inhibitors of 11 P-hydroxy steroid dehydrogenase type 1; and 

(s) inhibitors of cholesteryl ester transfer protein (CETP), such as torcetrapib. 

Dipeptidyl peptidase-IV inhibitors that can be combined with compounds of structural 
formula I include those disclosed in WO 02/076450 (3 October 2002); WO 03/004498 (16 January 
2003); WO 03/004496 (16 January 2003); EP 1.258 476 (20 November 2002); WO 02/083128 (24 
October 2002); WO 02/062764 (15 August 2002); WO 03/000250 (3 January 2003); WO 03/002530 (9 
Januaiy 2003); WO 03/002531 (9 January 2003); WO 03/002553 (9 January 2003); WO 03/002593 (9 
January 2003); WO 03/000180 (3 January 2003); WO 03/082817 (9 October 2003); aid WO 03/000181 
(3 January 2003)! Specific DP-IV inhibitor compounds include isoleucine thiazolidide (P32/98); NVP- 
DPP-728;andLAF237. 

Antiobesity compounds that can be combined with compounds of structural formula I ' 
include fenfluramine, dexfenfiuramine, phentermine, sibutramine, orlistat, neuropeptide Y i or Y5 

antagonists, cannabinoid CBl receptor antagonists or inverse agonists, melanocortin receptor agonists, in 
particular, melanocortin-4 receptor agonists, ghrelin antagonists, bombesin receptor agonists, and 
melanin-concentrating hormone (MOO receptor antagonists. For a review of anti-obesity compounds 
that can be combined with compounds of structural formula I, see S. Chaki et al., "Recent advances in 
feeding suppressing agents: potential the^peutic strategy for the treatment of obesitv>" Expert Opiri. 
Ther. Patents . 1 1: 1677-1692 (2001); D, Spanswick and K. Lee, "Emerging antiobesity drugs," Expert 
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Opin. Emerging Drugs . S: Tn-i,yi (2003); aixi i.A. Fentai;de2;-Lo|>ez,i3t al., TharmacologicaS 
Approaches for the Treatment of Obesity/' IteJgs. 62: 915-944 (2^^ 

Neuropeptide YS antagonists that can be combined with compounds of structural 
formula I include those disclosed in U.S. Patent No. 6,335,345 (1 Januaiy 2002) and WO 01/14376 (1 
5 March 2001); and specific con^pounds identified as GW 59884A; GW 5691 80A; LY366377; and CGP- 
.r683A. 

Cannabinoid CBl receptor antagonists that can be combined with compounds of formula 
V include those disclosed in PCT Publication WO 03/007887; U.S. Patent No. 5,624,94 1 , such as 
rimonabant; PCI' Publication WO 02/076949, such as SLV-319; U^S. Patent No. 6,028,084; PCT 
iO Publication WO 98/415 19; PCT Publication WO 00/10968; PCT Publication WQ 99/02499; U.S. Patent 
No. 5,532,237; and US. Patent No. 5,292,736. 

Melanocortin receptor agonists that can be combined with compounds of structural 
• crmula I include those disclosed, in WO 03/009847 (6 February 2003); WO 02/068388 (6 September 
•,002); WO 99/64002 (16 December 1999); WO 00/74679 (14 December 2000); ^O 01/70708 (27 
15 September 2001); and WO 01/70337 (27 September 2001) as well as those disclosed in J.D. Speake et 
al., "Recent advances in the deveiopmen* of melanocortLn-4 receptor agonists/* Expert Opin. Ther. 
-^:*alents, 12: 1631-1638(2002). . 

Tlie potential uality ol safe an i effective activatprs of glucokinase (GKAs) for the 
treatmeri of diabetes is discussed in J. Grimsby et al., "Allosteric Activators of Glucoldnase: Potential 
Role in Diabetes ThcraiTV." Science. 301: 370o73 (2003). 

Whf .j1 a compound of the present m ver^tion is used contemporaneously with one. oi more 
'^.her drugd, a piiarmaceutical composition containing such other dfugs in addition to the compound of 
ihe present invention is preferred. Accordingly, the phaCTaceutical compositions of the present 
invention include tfiosc that also contain one or more other active ingredients, in addition to a compound 
y A the present invention. ; V 2j 

The weight ratio of the compound of the present invention to the second active 
ingredient may be varied and will depend upon the effective do^<ie of each ingredient. Generally, an 
effective dose of each will be used. Thus, for example, when a compound of the present invention is 
. mbined with another agent, the weight ratio of the compound of the present invention to the other c« 
-hem will generally range from about 1000: 1 to about 1 rlOOO, preferably about 200: 1 to about 1 :200. > 
C ombinations of a compound of the present invention and other active ingredients will generally also be 
within the afonementioned range, but in each case, an efrectivci4ose of each active ingredient should be 
Msed. 
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In such combinations the compound of the present invention and other active agents may 
be administered separately or in conjunction. In addition, the administration of one element may be prior 
to, concurrent to, or subsequent to the administration of other agent(s). 

The compounds of the present invention may be administered by oral, parenteral (e.g., 

3 intramuscular, intraperitoneal, iiitravenous, ICV, intracistemal injection or infusion; subcutaneous 
injection, or implant), by inhalation spray, nasal, vaginal, rectal, sublingual, or topical routes of 
administration and may be formulated, aloiie or together, in suitable dosage unit fonnulations containing 
conventional non-toxic phannaceutically acceptable carriers, adjuvants and vehicles appropriate for each 
i oute of administration. In addition to the treatment of warm-blooded animals such as mice, rats, horses, 

10 cattle, sheep, dogs, cats, monkeys, etc.. the compounds of the invention are effective for use in humans. 

The pharmaceutical compositions for the administration of the compounds of this 
invention may conveniently be presented in dosage unit form and may be prepared by any of the methods 
. well known in the art of pharmacy. AH methods include the step of bringing the active ingredient into 
association with the carrier which constitutes one or inore accessory ingredients. Jn general, the 

15 pharmaceutical compositions are prepared by uniformly and intimately bringing the active ingredient into 
association with a liquid carrier or a finely divided solid carrier or both, and then, if necessary, shaping 
the product into the desired formulation. In the pharmaceutical composition the active object con^>ound 
is included in an amount sufficient to produce the desired effect upon the. process or condition of 
diseases. As used herein, the term "composition" is intended to encompass a product comprising the 

20 i:pecified ingredients in the specified amounts, as well as any product which results, directly or indirectly, 
from combination of the specified ingredients in the specified anioun.ts. 

The pharmaceutical compositions containing the active iiigiredient may be in a form 
suitable for oral use, for exan^Ie, as tablets, troches, lozenges, aqueous or oily su$pensions, dispersible 
powders or granules, emuisions, hard or soft capsules, or syrups or elixirs. .Gtomppsitions intended for 

25 oral use may be prepared according to 'any methcKlknpwn to the art 

pharmaceutical compositions and such compositions may contain one or more agents selected from the 
group consisting of sweetening agents, flavoring agents, coloring agents and preserving agents in order to 
provide pharmaceutically elegant and palatable preparations. Tablets contain the active ingredient in 
admixture with non-toxic pharmaceutically acceptable excipients which are suitable for the manufacture 

30 of tablets. These excipients may be for example, inert diluents, such as calcium carbonate, sodium 

carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating agents, for ' 
example, com starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and 
lubricating agents, for example magnesiuna stearate, stearic acid or talc. The tablets may be uncoated or 
they may be coated by known techniques to delay disintegration and absorption in the gastrointestinal 

35 tract and thereby provide a sustained action over a longer period. For example, a time delay material 
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such as glyceryl moDOStcarate or glyceryl disiearale may be enq)16yed. Thty may also be coated by the 
techniques described in the U.S. Patents 4,256.108; 4,166,452; and 4,265.874 to form osmotic 
therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate 
or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or an oil medium, 
for exan^le peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable 
for the manufacture of aqueous suspensions. Such excipients are suspending agents, for exan^le sodium 
carboxymethylcellulose. methylcellulbse, hydroxy- propylmethylcellulose, sodium alginate, polyvinyl- 
pyrrolidone, gum tragacanth and gum acacia; dispersing or.wetting agents may be a naturally-occurring 
phosphatide, for exan^)lc lecithin, or condensation products of an alky lene. oxide with fatty acids, for 
<^;xan^le polyoxyethylene stearate, or condensation products of ethylene oxide with long chain aliphatic 
ikohols, for exanpie heptadecaethyleneoxycetanol, or condensation products of ethylene oxide witli 
partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitcl monooleate: or 
condensation products of ethylene oxide with partial esters derived from fatty acids and hexitol 
anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions may also contain 
;ne or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
'/.entSj one or more flavoring agents, and one or more sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or coconut oil. or in a mineral oil such as liquid paraffin. 
The oily suspen.sions may contain a thickening agent, for example beeswax, hard paraffin or cetyi 
-Jcohol Sweetening agents such as those set forth abovei and flavoring agents may be added to pro\ ide • 
■ ?'ialatable oral preparation. These compositions may be preser/ed by the addition of an anti -oxidant 
':uch as ascorbic acid; 

Dispersible powders and granules suitable for preparation of an aqueous suspension by 
the addition of water provide the active ingredient in admixture with a dibpersing or wetting agent, 
suspending agent and one or more preservatives. Suitable dispersing or wetting agents and suspending 
t Ztnts are exemplified by those akeady mentioned above. Additional excipients, for example 
' V. eetening, flavoj ing and coloring agents, may also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil-in- 
water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil, or a mineral 
oil, for ex?ji4)le liquid paraffin or mixtures of these. Suiuble emulsifying agents may be naturally- 
orcurring gums, for example gum. acacia or gum tragacanth, naturally-occurring phosphatides, for 
example soy bean, lecithin* and esters or partial esters derived from fatty acids and hexitol anhydrides, 
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for example sorbitan monooleate, and condensation products of the said partial esters with ethylene 
oxide, for example polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening 
and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example glycerol, 

5 propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative 
and flavoring and coloring agents. 

The pharmaceutical conq)ositions may be in the form of a sterile injectable aqueous or 
oleagenous suspension. This suspension may be formulated according to the known art using those 
suitable dispersing or wetting agents and suspending agents which have been mentioned above. The 

\0 sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic 
parenteraily-acceptable diluent or solvent, for ekample as a solution in 1,3-butane diol. Among the 
acceptabW vehicles and solvents that may be employed are water. Ringer's solution and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
mediunL For this purpose any bland fixed oil may be employed including sypthetic mono- or 

1 5 diglycerides. In addition, fatty acids such as oleic acid find use in the preparation of ihjectables. 

The conq>ounds of the present invention may also be administered in the form of 
suppositories for rectal adimnistration of the drug. These compositions can be prepared by mixing the 
drug with a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at the 
rectal temperature and will therefore ntielt in the rectuni to release the drug. Such materials are cocoa 

2.6 butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the 
compouridsof the present invention are employed. (For puiposes of this application, topical application 
shall include mouthwashes and gargles.) 

The pharmaceutical composition arid method of the present invention may further 

75 comprise other therapeutically active compounds as noted herein which are usually applied in the 
treatment of the above mentioned pathological conditions. 

In the treatment or prevention of conditions which require inhibition of dipeptidyl 
peptidase-IV enzyme activity an appropriate dosage level will generally be about 0.01 to 500 mg per kg : 
patient body weight per day which can be administered in single or multiple doses. Preferably, the 

.30 dosage level will be about 0. 1 to about 250 mg/kg per day; more preferably about 0.5 to about 100 mg/kg 
per day. A suitable dosage level may be about 0.01 to 250 mg/kg per day, about 0.05 to 100 mg/kg per 
day, or about 0. 1 to 50 mg/kg per day. Within this range the dosage may be 0.05 to 0.5. 0.5 to 5 or 5 to 
SO mg/kg per day. For oral administration, the compositions are preferably provided in the fonn of 
tablets containing 1.0 to 1000 mg of the active ingredient, particularly 1.0, 5.0, 10.0, 15.0, 20.0, 25.0, 

,^5 50.0, 75.0, 100!0, 150.0, 200.0, 250.0, 300.0, 400.0, 500.0, 600.0. 750.0, 800.0* 900.0, and 1000.0 mg of 
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the active ingredient forilie sympTOVxianc adjustiticncof the r^osagt !<: Uit patieait to be breal ed. The 
. :oirijpounds may be aclnunislered on a rcginicn of 1 to 4 times per day, preferably once or twice per day. 

When treating or preventing diabetes mellitu's and/or hypeiglycenrua or 
hypertriglyceridenua or other diseases for which compounds of the present invention are indicated, 
generally satisfactory results are obtained when the compounds of the present invention are administered 
at a daily dosage of from about 0. 1 mg to about 100 mg per kilogram of animal body weight, preferably 
yven as a single daily dose or in divided doses two to six times a day» or in sustained release form. For 
xTtost large iTiaiiii]ials, the tctal daily dosage is from about i.O mg to about 1000 mg, preferably from 
>ibout 1 mg to about 50 mg. In the case of a 70 kg adult human, the total daily dose will generally be 
:iom about 7 mg to about 350 mg. 7'his dosage regimen niay he adjusted to.provide the optimal 
therapeutic response. ' 

It will be understood, however, tha? tht specific d^»se. i?5vel and frequency of dosage for 
- jiy particular patient may be varied and will depend upon a variety of factors including the activity of 
.ae specific compound employed, the metabolic stability and length of action of that compound, the age, 
Dody weight, general health, sex, diet, mode and time of administration, rate of excretion, drug 
combination, the severity of the particular condition, and the host undergoing therapy. 

The compounds of the present invention can be prepared from alpha- amino acid 
alermediate^ such as those ov formula n and siibstituted heterxxryclic intermediates such as those of 
f ormula JI". . . g standard peptr^e coupling conditions followed by deprotecticn^ 

R'-A'-'^r^oH. ■ 

n m 

/vhere m^ p, W, X, Zi, R^, R^, and R3 are as defined above and P is a suitable nitrogen protecting group 
^7ch as tert -butoxycarbonyl (BOC), benzyloxycarbonyl (Cbz), or 9-flu6renylmethoxycarbonyl (Fmoc). 
Akematively, compounds of formula I can be prepared from intermediates, such as those of formula IV 
by activation of the carboxylic acid with standard peptide coupling reagents, such as N.N- 
carbonyldiimidazole, followed by condensation with an amidoxime V and cyclizaiion under conditions 
iamiliar to those skilled in the ait. Deprotection gives compounds of formula L 
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R2 Q ri 

HO. 



Ji J...« J, R3 N 2. tolui 



O NHP ^ IIO-C 



IV 



2. toluene, 
IIO'C 

3. deprotection 



N. 



R2 O 

.A 




R3>^ -]r y N (w)„, 

^N-O NH2 k,,',X 
I 



Several methods for preparing the compounds of this invention are illustrated in the 
following Schemes and Exaniples. Starting materials are made according to procedures known in the art 
or as illustrated herein. 
5 SCHEME 1 

1 d1 



f 1)(MeOCH2CH2)2NSF3(16) ? 

1 ina 



m 

F 



Compounds of fonnula III are commercially available, known in the literature or may be 
conveniently prepared by a variety of methods familiar to those skilled in the art One convenient 
method for the preparation of intermediate m wherein X is CSF and W iand Z are CH2 is shown in 
10 Scheme 1. An appropriately protected alcohol 1, which itself is known in ttie literature or may be 
conveniently prepared by a variety of methods familiar to those skilled in tKe art, is treated with a 
fluorinating reagent such as (diethylainino)sulfur trifluoride (DAST) or [bis(2- 

methoxyethyI)aiTuno]sulfur:trifluoride (16) to provide, after deprotection, the fluoro intermediate Hla. . . 
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p1 

1) DAST ^ 



mb 

A mechoc for the prepai-ation of intennediate lH wherein X is CFj and W and Z are Clij 
bhcwn in Scheme 2. An appropriately protected alcohol 2 is oxidized to the coiresponding ketone 3 by 
a variety of methods known to those skilled in the art. Ketone 3 is treated with a fluorinating reagent, 
■".uch as DAST, to provide, after deprotection, the difluoro intermediate mb; 

SCHEME 3 , 

O 

Phv./0-^-\ X^, . .1. TMSCHNa . HO. 



Y 




OH ~- 

2; KHMDS 



4 3, H2, Pd/C. 

1. NH2 (V) ■ 





id 



— ^ r3_/ Y T HOAt. DIEA^ ('. wherein 

2.110'C N-O NHP 2.TFA ^ Me) 

V3.U0H (Ha) 

Conq>ounds of formula D are known in the litjsrature or may be conveniently prepared by 
>; variety of methods familiar to those skilled in the ait One such method is illustrated in Scheme 3. 
Starting with a commercially available aspartic acid derivative such as ^. esterificaticn and subsequent 
allQ'Iation with, for example, iodomethane affords the diester intermediate, which can be selectively 
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deprotected under hydrogenolytic conditions to afford jntennediale 5. Coupling of an intermediate of 
formula 5 with amidoximes V, followed by cyclization under thermal conditions affords amidoxime 
"intermediates, which may be saponified with» for example^ lithium hydroxide to provide intermediates of 
structure H. Intermediates 11 and HI are then Coupled under standard peptide coupling conditions, for 
5 . example, using l-ethyl-3-(3-dimethylaminopropyl)carbodiimide and l-hydroxybenzotriazole 

(EDC/HOBT) or 0-(7-azabenzotriazol-l-yI)-M/V;^',A^'-letramethyluroniumhexafluorophosphate and 1- 
hydroxy-7-azabenzotria2ole (HATU/HOAT) in a solvent such as MN-dimethylformaniide (DMF) or 
dicMoromethane for 3 to 48 hours at ambient ten^erature to provide the N-protected amide intermediate. 
In some cases. Intermediate ID may be a salt, such as a hydrochloride or trifluoroacelic acid salt, and in 

10 I these cases it is convenient to add a base, generally A^vy iisopropylethylamine, to the coupling reaction. 
The protecting group is then removed with, for example, trifluoroacetic acid or methanolic hydrogen 
chloride in the case of Boc to give the desired amine 1. The product is purified from unwanted side 
products, if necessary, by recrystallization, trituration, preparative thin layer chromatography, flash 
chromatography on silica gel, such as with a Biotage® apparatus, or HPLC. . Compounds thai are purified 

15 by HPLC may be isolated as the corresponding salt. Purification of intermediates is achieved in the same 
manner. 

SCHEME 4 



6 m Z 

R2 O . 

LiHMDS ^ MeO^Jv^v^A^^^^^ (IV. = Me) 

MaI II I - I ) 

O NHP .X 

8 

8a (R2 = Me) 

Compounds of the present invention may alternatively be prepared by reversing the order 
20 of introduction of the oxadiazole and tertiary amide functionalities, as illustrated in Scheme 4. Thus, 
conunercially available ^-protected aspartate derivatives such as 6 inay be reacted with amines III using 
standard peptide coupling reagents such as, for example, OT(7-azabenzotria2ol-l-yl)-MM/^\A^'- 
telramethyluronium hexafluorophosphate (HATU) and l-hydroxy-V-azabenzotriazole (HOAt), to form 
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amide intermediates such as 7. Subsequent treatment of the esulting intsiraihdidies of fomula 7 with a 
.^:!rong base, such as the lithium or potassium salts of l;l,l,3,i3^hexamethyidisi!azane (HMDS), 
ioUowed by reaction with an alkyl halide, such as methyl iodide, affoids intermediates of fonnula 8. 
Saponification of intermediates 8 with, for example, lithium hydroxide provides intermediates of formula 
IV. 

In some cases the intermediates of formula £ may be further modified, for example, by 
inanipulation of the substituent R^, wherein contains an optionally substituted alkcnyl group. These 

Mianipubtions may include, but are not limited to, reduction, oxidatioPM a!k>'!ation, acylation, and 
hydrolysis reactions which are commonly known to those skilled in the art. In one such example, 
intermediates of formula IV can be prepared by alkylation of intermediates of formula 7 with unsaturated 
alkyl halides sach as, for example, allyl or raethailyl . 

bromide, lo afford intermediates of structure 8b, as illustrated in Scheme 5. Catalytic hydrogenation 
^ iovides intermediates of structure 9, which may be hydrolyzed with lithium hydroxide to form 
additionalintermediates of formula IV : 

SCHEMES 




Compounds of formula I may alternatively be prepared from intermediates of fonnula S. 

illustrated in Scheme 6. Saponification of 8b with, for example, lithiimi hydroxide affords the 
corresponding carboxylic acid, which is coupled with an amidoxime of formula V and subsequently 
vtyclized under thermal conditions to afford an oxadiazole intermediate of formula 10. Intermediate 10 
hiiay, in turn, be further elaborated by cyclopropanation of the alkenyl sidechain under conditions familiar 

those skilled in the art, most conveniently using diazoipethane and palladium(n) acetate. Deproteetion 
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. of the nitrogen protecting group affords additional examples of compounds of the present invention. 



MeO 



SCHEME 6 



LLiOH 



O 




(W)m 



'YT^^ 2. NH2 (V) 

O NHP 

8b(R = Me) 



Pd(0Ac)2 
2. TFA 



Conq>ounds of the present invention that contain alternative substittients may also be 

prepared by the route illustrated in Scheme 7. Thus, oxidative cleavage of the alkenyl sidechain in 

intermediates of formula IQ, wherein R is a hydrogen atom, followed by reduction 

SCHEME? 



O 



HOOC 



(W)„ KMn04^ ^ N 
N'O NHP k,,',X Nal04 ~i 




10b (R = H) 



N-O NHP 



HO^^ b R' 
1.iBuOC(0)Cr ,^ Jk A A TFA 

VO NHpk^^X 



2. NaBH4 



(I,R2 = .(CH2)20H) 



10 of the resulting carboxylic acid to the alcohol and subsequent deprotection, affords additional compounds 
of formula I. 
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SCHEMES 

11 90^C (V) 

The amidoximes V can be prepared by a number of routes familiar lo those skilled in the 
art, most conveniently by reaction of a nitrile H with hydroxylamine in an alcoholic solvent such as 
5 . n)ethanol» ethanol or isopropanol for 3 to 48 hours at reflux ten^eraturc to provide the amidoxime 
intermediates V. 

As will be readily apparjtiiil to those skilled in the art, since the aspartic acid-derived 
.<;tarting materials 4 and 6 ars readily available in either enantiomeric form, the synthetic sequences 
described can be used to prepare compounds I in enantiomerically pure form. Additionally, since in some 
1.0 •••c'-ses the alkylation of intermediates such as 4 and 7 may not be completely stereoselective, the synthetic 
sequences described above may afford mixtures of diastereomeric products, which can be conveniently 
separated, if necessary, by standard chromatographic methods familiar to those skilled in the art. 

In some cases the order of carrying out the foregoing reaiction schemes may be varied to 
facilitate the reaction or to avoid unwanted reaction products. The following examples are provided so 
;hat the invention might be more fully understood. Tliese examples are illustrative only and should not r j 
be constived as limiting the invention in any way. 



?0 r3 >y)-3-Ruoropvrrohdine hydrochloride 

PtenAi Benzvl (3igV3-hvdroxvpvrrolidine-l'Carboxvlate 

A 3-neck, round bottom flask equipped with mechanical stirrer, thermocouple, 
addition funnel and nitrogen bubbler was charged with 425 g (4.88 mol) of (3/?)-3-hydroxypyrrolidine, 8 
L- of dichlorornethanc, and 1 L (7.17 mol) of triethylamine. The solution was cooled to 5 - 10 *'C v/ith an 

?S jce bath and then 1000 g (5.86 mol) of benzyl chloroformate was added dropwise over a period of about 
/ 5 h keeping the reaction tenq)erature <20 *C. The reaction mixture was stirred for an additional hour in 
the ice bath, then the bath was removed and the reaction mixture waR allowed to warm, to ambient 
temperature overnight. The mixiure was pourexl ihtb a large extractor containing -15 L of saturated 

.36r 



wo 2005/108382 



PCT/US2005/015133 



aqueous sodium bicarbonate solution. The aqueous phase was back-extracted with, two 2-L portions of 
dichloromethane. The combined organics were dried over magnesium sulfate and concentrated to give 
an orange oil. The crude material was taken up in dichloromethane, applied to a 5-kg column of silica 
gel prepacked in 50% ethyl acetate/hexane, and eluted sequentially with 8 L of 50%» 16 L of 75%, then 
100% ethyl acetate/hexane to provide the title compound as a yellow oil which crystallized upon 
standing. 

Step B: Benzvl (3y)-3>fluoropvrTolidine-l-carboxvlate 

A 5-L, 3-neck, round bottom flask equipped with mechanical stirrer, thermocouple, 
addition funnel and nitrogen bubbler was charged with 375 mL (2.84 mol) of (diethylamino)su!fur 
trifluoride and 400 mL of dichloromethane. The solution was cooled to -78 X. To this was added via 
addition funnel a solution of 304 g (1.37 mol) of benzyl (3/?)-3-hydroxypyTTolidine-l-carboxylate in 400 
mL of dichloromethane over a 2-h period keeping the reaction temperature < -70 °C. The reaction 
mixture was allowed to stir and warm slowly to ambient temperature overnight. The reaction mixture 
\yas added portion-wise with caution to a large extractor containing ice, water, and saturated aqueous 
sodium bicarbonate solution. The mixture was extracted witii 8 L of ethyl acetate. The organic layer 
was washed with saturated aqueous brine, dried over magnesium sulfate, and concentrated to give a 
brown oil- Purification by flash chromatography (silica gel, eluting with a. 10 to 30% ethyl 
acetate/hexane gradient) gave the title compound as a brown oil . 
StepC: (3^-3-Fluoropvrrolidine hydrochloride salt 

Benzyl (3S)-3-fluoropyrrolidine-l<arboxylate (249 g. 1.11 mmol) was dissolved in 2.3 L 
of ethanol and then 115 mL of water was added, followed by 30 g of 10% palladium on carbon. The 
mixture was shaken under 40 psi hydrogen for about 24 h. An additional 10 g and then 5 g of catalyst 
were added. The mixture was stirred under 40 psi hydrogen until complete. The jnixture was filtered 
and the filter cake washed with ethanol. -Jlie combined filteate and^washings were treated with 185 . mL 
of concentrated hydrochloric acid and concentrated to a colorless oil, The residue was azeotroped witii 
toluene, then 2 L of diethyl ether was added. Isopropyl alcohol was added until tiie the oil crystallized. 
The mixture was allowed to age at ambient temperature over the weekend. The crystals were collected, 
washed witii diethyl ether, and dried in vacuo to give the tide compound, [alp = +8.64 (c = 4, medianol). 

INTERMEDL\TE 2 




f3i?V3-RuoropvrTOlidine hvdrochlbride 
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ieaction ixuxtare was added portionwise with caution to a large extractor containing water and saturated 

aqueous sodium bicarbonate solution. The mixture was extracted widi dichloromethane (3 x 300 mL). 

'...lie combined organic layers were washed once with saturated aqueous sodium bicarbonate solution, 

' wice with 10% aqueous hydrochloric acid solution and saturated aqueous brine, dried over sodium 
5 sulfate, and concentrated in vacuo. Purification by flash chromatography on a Biotage® system 

(gradient, hexane to 65% ethyl acetate/hexane) afforded the desired product. LCTMS 242.1 (M+1). 

Step B: 4"Fluoropiperidine hydrochloride 

Benzyl 4-fluoro-l-piperidinecarboxylate (5.5 g. 23.2 mmol) was dissolved in 80 mL of 

eiihanoi and 1.0 g of 20 % palladium hydroxide (dry basis) on carbon was added to the mixture. The 
: 0 mixture was shaken under 40 psi hydrogen for about 12 h then filtered through a celite pad and washed 

with 100 mL of methanol. The combined filtrate and washings were treated with 60 niL of 1 M 

1 vdrochloric acid in diethyl ether and conceintrated to a white waxy solid.- The solid was dried in vacuo 
give the title compound as a solid. The material was used without further purihcation, iH NMR 

(CDClj): 5 4.95 (d, J =u 47.4 Hz, 1 H), 3.70 (br s. 1 H), 3.34-3.27 (m, 4 H), 2.29 <dt J = 37. L 12.3 Hz. 2 
i5 H),2-16(bTS.2H). 




3-Ruoroazetidine trifluoroacetic acid salt 

!' > tep A : l-Benzhvdryl-S-fluoroazetidine 

A 250 mL, round bottona flask was charged with 3,0 g (12.5 inmol) of l-benzhydryl-3- 
Iluoroazetidine and 80 mL of dichloromethane. To the stirring solution at -78 was added 4.6 mL (25 
mmol) of [bis(2-methoxyethyl)amino)sulfur trifiuoride via addition funnel over a period of about 3 h. 
The reaction mixture was allowed to warm slowly to ambient ten^rature overnight. The reaction 
'iiixture was added portionwise (with caution) to a large extracbr containing water and saturated aqueous 
h^odium bicarbonate solution. The mixture was extracted three times with 80 mL of dichloromethane. 
The combined organic layers were washed sequentially with saturated aqueous sodium bicarbonate 
^iolution, water and saturated aqupous brine, dried over sodium sulfate, and concentrated in vacuo. 
Purification by flash chromatography using a Biotage® system (gradient, hexane to 80 % ethyl 

30 -icetate/hexane) afforded the desired product LCTMS 242. 1 (M+ 1 ). 
.^■ tep B: 3-Fluoroazetidine trifluoroacetic acid salt 

l-Benzhydryl-3-fluoroa2etidine (1.7 g, 7^04 mirnol) wa.s dissolved in 60 mL of ethanol 
and 500 mg of 20% palladium hydroxide (dry basis) on carbon. The mixture was shaken under 40 psi 
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hydrogen for about 12 h. The mixture was filtered through a celite pad and the filter cake washed with 
100 wL of methanol. The combined washings were treated with 10 mL of trifluoroacetic acid and 
concentrated to give two oils, the more dense of which is the desired fluoroazetidine salt. The mixture 
was not purified further. NMR (CDCIj) 5 5.45-4.30 (dm. J = 56.7 Hz, 1 H), 4.46^.38 (m, 2 H). 4.24- 
2.17 (m, 2 H). . 




NHS02Me 



2-ChlorO'Ar-hvdroxv-4-r(m &th v1sulfonvnamino1benzenecarboximidaniide 
10 Step A: /^-O-Chloro^-cvanophenynmethanesulfonamide 

To a stirred solution of 4-anaino-2-chlbrobenzonitrile (5.02 g, 32.9 nunol) in 

dichloromethane (80 mL) was added N,A'-diisopropylethy lamine ( 17.0 niL, 97.8 mmol) and 

metlianesulfonyl chlOTide (3.0 mL, 38.8 mmol) at -78 '*C, The reaction was then allowed to warm to 

room temperature slowly. After stining at room temperature for 12 h, the reaction was quenched with 1 
15 N hydrochloric acid. The organic phase was concentrated in vacuo and the residue was purified by flash 

chromatography (silica gel, 50:50 hexanes/ethyl acetate) to give the desired product. 

StepB: 2>ChIoro-//-hvdroxv-4"ffmethvlsulfonvnamin6lbenzeriecarboximidamide 

To a stirred solution of the product from Step A (0. 13 g, 0.565 mmol) in ethanol (3 mL) 

was added hydroxylamine (50% in water, 1.0 mL)! The reaction was healed at 90 for 2 h. The 
20 reaction was then concentrated to give the desired product. 

INTERMEDIATE 7 




S02Me 
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z Fluoro hr-hvdroxv4-(m&thvlsuIfoi!v)) b€nzcT»ev cru>x/iiiidam^ . ' 
.• 4ep A: 2-Fluoro- l"m&thoxy^.'ni&thvlthicobqn2eiie • 

To a stined solution of 4-bromo-2-fluoroaiiisole (5.0 g. 24 4'icrnol) in THF (100 mL) 
was added n-butyllithium (23 mL, 1.6M in hexanes, 36.8 imnol) at -78 \l After stirring at -78 for 1 
h, dimethyl disulfide (1 1 mL, 12.2 mmol) was added and the reaction was then allowed to warm to room 
remperature slowly. After sdiring at room temperature for 12 h. the reaction was quenched with 
saturated aqueous anunonium chloride solution. The organic phase was separated and the aqueous phase 
vvas extracted with two portions of ethyl acetate. The combiwid organic layers were washed with brine 
:^nd concentrated in vacuo. The residue was used directly in nexi step. 
StepB : 2-Fluoro-l-mechoxv-4T(methvIsulfonv)^benz ene 

To a stirred solution of the induct from Step B (557 mg, 3.24 mmol) in dichloromethane 
;i5 mL) was added m<hloroperbenzoic acid (2.19 g, 12.7 mmol). After stirnng at room temperature for 
.'. h, the reaction was diluted with ethyl aceUte. The organic phase .\yas washed sequentially witli 1 N 
iqueous sodium hydroxide solution and brine, aad ronc(,T?.trated in vacuo Purification by flash 
;;hromatography (silica gel, 75:25 hexanes/ethyl acetate) afforded the desired »:pmpound. 
Step C: 2-Fluoro-4-(methvl£ulfo nvl)phenol 

To a stirred solution of the product Irom Step B (48Q rag, 2.3b mmcl) in dichloromediane 
(10 rnL) was added boron tribromide {12;9 inL, l.OM in dirlhioromethane, 12.0 mmol) at -78 ''C. The 
reaction was then allowed to warm to rc^m temperature slowly. After stirring at room temperature for 12 
h, the reaciion wa?i concentrated under reduced pressure and the residue was purified by flash 
r^hromatogip.phy (sLlica gel. 50:50 hexanes/ethyl acp.tate) tc give the desired compound. 

2-.F luoro^-fmethvlsulfonvi^piienvlti7fluoro T nethane9ul f onate . . 

To a stirred solution of the product from Step C (425 mg, 2.24 mmol) in pyridine (8 mL) 
was added trifluoromethanesulfonic anhydride (1.5 mL, 7.02 mmol) at 0 °Ci After stirring at 0 for 3 h, 
Uie reaction was diluted with ethyl acetate and poured into IN aqueous hydrochloric acid. The organic 
pbase was separated and the aqueous phase was extracted with two portions of ethyl acetate. The 
. ^tmbined organic layers were washed with brine and concentrated in vacuo. Purificatipn by flash 
hromatography (50:50 hexanes/ethyl acetate) afforded the desired product. 
. Step E: 2-Fiuoro-4-(methvlsulfonvnben2onitrile 

To a stirred solution of the product from Step D (662 mg. 2.06 mmol) in DMF (8 mL) 
, as added zinc cyanide (951 mg, 8.1 mmol), and the reaction was then heated at 80 for 12 h. The 
i ' action mixture was diluted with ethyl acetate and poured into brine. The organic phase was separated, 
M the aqueous phase was extracted with two portions of ethyl acetate. The combined organic layers 
were washed with brine and concentrated in vacuo. Purification by fia.sh chromatography (50:50 
hf'/^anes/ethyi aceiate) afforded the desired product. 
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StepF: 2~FluorcHhr'hvdroxv-4-(methvlsulfonvl)benzenecarboxjimdami 

. To a stirred solution of the product from Step E (0i29 g, 0. 144 mmol) in ethanol ( 1 5 mL) 
was added hydroxylamine (50% in water. 3.0 mL). The reaction was heated at 90 **C for 3 h. The 
reaction was then concentrated to give the desired product. 

5 

INTERMEDIATES 




SOgMe 



2-Chloro-4-methvlsulphoDvi-N' -hvdroxvberizenecarboximidamide 
Step A: 2-<I!hloro-4-( ixieth vlsulfon vDbenzamide 

10 To 2-chloro-4-methylsulfonyrben2oic acid (20 g, 86 nunmol) and A/-hydroxysuccinimide 

(11.5 g, 100 mmol) in 300 mL of dichloronriethane was added EDC (19.8 g, 100 mmpl) and the resulting 
mixture was stirred at room temperature for 8 h. The mixture w^s then quenched.with 100 niL of 
saturated aqueous sodium bicarbonate splution then diluted with 200 mL of water, the ihixture was then 
extracted with ethyl acetate (3 x 300 mL), and the organic layers were washed with saturated aqueous 

15 sodium bicarbonate solution and saturated aqueous brine (100 mL each). The oVganic phase was dried 
over magnesium sulfate, filtered, and evaporated in vacuo to yield the crude ester. The ester was then 
dissolved into 200 mL of dioxane then treated with 100 niL of aihmonium hydroxide. After stirring for 2 
h, the reaction mixture was evaporated in vacuo, diluted with 700 mL of ethyl acetate and then washed 
witfilatufated aqueous brine (2 x 200 mL). The organic phase was then dried over magnesium sulfate, 

20 filtered, and evaporated in vacuo to yield the primary amidev which was used Without further purification. 
Step B: 2-Chloro^-(methvlsulfonvnbenzonitrile 

A portion of the primary amide from Step A (7,97 g, 34 mmol) in 80 mL of N,N- 
dimethylformamide was treated with cyanuric chloride (7.56 g, 41 mmol) and th'e solution was stirred at 
room temperature for 12 h. The mixture was then diluted with 400 mL of water and extracted with ethyl. 

25 acetate (4 x 150 mL). The combined organic layers were then washed with 0.5 N aqueous sodium 

bicarbonate solution and saturated aqueous brine (2 x 100 .mL each). The organic phase was dried over 
magnesium sulfate, filtered, and evaporated in vacuo to yield the crude nitrile,- which was used without 
further purification. 

Step C: 2-Chloro-4-methvlsulphonvl-N*-hvdr6xvbenzeneca)rboximidamide 
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Thft nitrile from Step B was dissolved into 100 mL of 1: 1 ethanol/50% aqueous 
. ydroxylant'jc th^.i heated to reflux for 12 h. After evaporation of the solvent, the residue was dissolved 
:rito 400 nJL of ethyl acetate then washed with saturated aqueous brine (150 mL). The organic phase was 
dried over magnesium sulfate, filtered, and evaporated in vacuo to yield the title conq>ound, which was 
used withoat further purification. LC/MS 449.05 (M+1), 451.03 (M+3). 

EXAMPLE 1 




•CF3CO2H 

2>r(25J61-^;-Amino-343-(/.4-dichlorophenvlVi;2.4-6xadiazol-5-vll>lHoxol^^^ 
irifluoroacetic acid salt 

St ep A: Methvl (35V3-rfrfert-butoxvcarbonvnamirioM-oxo4-D vrrolidin-l-vlbutanoate 

To a stirred solution of W-BCXT-L-aspartic acid P-methyl ester (15.1g, 61.0 mmol) in 
\>MF (50 mL) war added EDC (14.1 g, 73.7 mmol), H(3BT (9.96 g, 73.7 mmol). pyrrolidine (10.2 mL, 
,>22.4 rmnol) and //,iV diisopropylethylamipe (21.0 mL, 120.8 nmiol). After stirring at room temperature 
ibr 12 h, the leaction was diluted with ethyl acetate. The organic phase was washed sequentially with 1^^/ 
hydrochloric acid, IN aqueous sodium hydroxide solution, and brine, and concentrated under reduced 
pressure. Purification by flash chromatography (silica gel, 50:50 hexanes/ethyl acetate) afforded tiie 
aesired* compound. 

.^te pB : . MethvH25)-^4fl5V14(/gr/-butoxvcarbonvn aminol-2^x^^^^ 
enoate 

To a stirred solution of the product from Step A (2.05 g, 6.83 mmol) in THF (30 mL) 
was added potassium hexamethyldisilazide (30.0 mL, 0,5M in tdiiueiie, 15.0 mmol) at -78 ''C. The 
resulting mixture was stirred at -78 ^'C for 30 min. Allyl bromide (3,0 mL, 34.7 mmol) was then added. 
After stirring at -78 for 2 h. the reaction was quenched with saturated aqueous ammonium chloride 
solution. The organic phase was separated and the aqueous phase was extracted with two portions of 
ethyl acetate. The combined organic layers were washed with brine and concentrated in vacuo. 
Purification by flash chromatography (30:70 hexanes/ethyl acetate) afforded the desired product (major 
diastereoisomer from the reaction). 

Step C: Methvl (2S)'2-\ (151-lM'ifr^rt-biitoxvcarbohvl)an unoT^2H6xO'2-pv OT^^ 

vlethyllpentanoate 
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To a stirred solution of the product from Step B (1 .54 g) in ethyl acetate (30 niL) was 
added b% palladium on carbon (298 mg). The reaction mixture was stirred under hydrogen (1 atm) at 
room temperature for 2 h, then filtered through a pad of Celite and concentrated to give the desired 
product. 

5 Step D: r2^>2-U15^-14(fgrr>Butoxvcarbonvnaniino1-2K)xch2-pvnx>lidin -l-vlethvn^^^ 
acid 

To a stirred solution of the product from Step C (1.5 g) in THF (30 mL) and water (10 
:mL) was added lithium hydroxide (720 mg. 30.0 mmol). After stirring at room temperature for 12 h, the 
reaction was quenched with IN hydrochloric acid. The organic phase was separated and the aqueous 
10 phase was extracted with two portions of ethyl acetate. The combined organic layers were washed with 
brine and concentrated in vacuo to give the desired product. 
SteoE: i-rf2^.35^-2-rffgrt>Butoxvcarb onvnanuno1043-(Z4-dichlor6D^ 



vll-l-oxohexvllpyrrolidine 
To a stirred solution of the product froni Step D (146.9 mg, 0.45 mmol) in 
15 dichloromethane (5 mL) was added l,r-carbbnyldiimida2ole (157.6 mg. 0.97 nimol). After stirring at 
room temperature for 1 h, 2, 4-dichlorobenzamidoxime (318.8 mg. 1.56 mmol) was added. After stirring 
at room temperature for 2 h, the reaction was quenched with saturated aqueous ammonium chloride 
solution. The organic phase was dried over anhydrous sodium sulfate and concentrated in vacuo. The 
residue was then dissolved in 10 mL of toluene and heated at 1 10 for 12 h. The toluene was removed 
20 under reduced pressure and the residue^ was then purified by preparative thin layer chromatography 
(silica gel, 50:50 hexanes/ethyl acetate) to give the desired product. 
. StepF: 14(2y.3jn-2-A mino-3-f3^2:4-dicMbrophenvn-12.4K?xadiazol>5>vi1-l- 
oxohexvllpyrrolidine. trifluoroacetic acid salt 

To a stirred solution of the product from,Step E in 5 mL of dichloromethane was added 1 
25 mL of trifluoroacetic acid. After 1 h at ambient temperature, the solution was concentrated in vacuo to 
give the desired product. LC/MS 398.9 (M+1). " 
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EXAMPLE.?: 



N-0 NH2 



•CF3CO2H 

I-r(25J5>>2-AminoO-[3-f2'-ch1oro^-r(methvlsulfonvnaniino1phenvlU 
oxobutvllpvrrolidine. trifluoroacetic acid salt 
5 Step A: Methvl (253.S^-3-r(/grr-Bu tnx YcarbonYnaminol-2^mftthvl-4<)XO-4-pvn-Qlidin'l- 

vlbuianoate 

To a stilted solution of the product from Exairiple 1, Step A (2.2 g, 7.33 mmol) in THF 
(30 inL) was added lithium hcxamethyldisilazide (16,0 mt, IM.ih THF, 16.0 tamO\) at ^78 **C. The 
•resulting mixture was stirred at -78 °C fpr.30 min. lodomethane (2.8 mL. 45.0 innio!) was then added. 

aO After stirring at -78 for 2 h, the reaction was quenched with saturated aqueous ammonium chloride 
solution. Thfi organic phase was separated and the aqueous phase was extracted with two portions of 
•^^thvl acetate. The combined organic layers ^yeie washed with brine and concentrated in vacuo, 
•r urification by flash chromatography (30:70 hexanes/ethyl acetate) afforded the desired product (major 
•iiastereoisomer from the reaction). - 

15 Step B: < 25.3S^-3-r(f grf-Butoxvcarbon vnaniinoV2-methvl-4<)xo4Tpvnx>lidir^ 1 -vlbutanoic acid 

To a stirred solution of the product from Step A (0 404 g, 1.29 mmol) in THF (30 itiL) 
r<nd water (10 mL) was added lithium hydroxide (96.0 mg, 4:0 mmol). . After stiiiring at roorh temperature 
ror 3 h, the reaction was quenched with 1^ hydrochloric acid. The organic phase was separated and the 
aqueous phase was. extracted with two portions of ethyl acetate. The. combiped organic layers were 

/•D washed with brine and concexitiated in vacuo to give the desired product. ^ ■ * 
Step C: l-rr25.35)-2-f(rgrf-Butoxvcarbonvnamino1-3-r3-r2-chloro^- 

f(metlivlsulfonvnaniinQlphenvI1-l.2.4-oxadiazol-5-vl1>l-QXQbutvllDvn-oIi^^ 
To a stirred solution of the product from Step 3 (132.0 mg, 0.44 mmol) in 
dichloromethane (5 mL) was added l,r-carbonyldiinridazole (148.0 mg, 0.91 mmol). After stirring at 

25 room temperature for 1 h, 2-chIoro-N -hydroxy-4-[(methyIsulfohyI)amino] benzenecarboximidamide 
(Intermediate 6. 145.0 mg, 0.55 nrunol) was added. After stirring at room temperature for 2 h, the 
leaction was quenched with saturated aqueous ammonium chloride solution. The organic phase was then 
dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was dissolved in 10 mL of 
toluene and heated at 110 T. for 12 h. The toluene was removed under reduced pressure and the residue 
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was then purified by preparative thin layer chromatography (silica gel, 30:70 hexanes/ethyl acetate) to 
give the desired product. 

Step D : l-f(2535)>2-AminQ-343-r2<hloro-4-rfmethvlsulfonvnamino1phe nvlVL2.4^^^ 
vIM^xobutvllpviT QlidiDe. trifluoroacetic acid salt 
5 To a stirred solution of the product from Step C (7 mg) in S inL of dichloronaethane was 

added 1 mL of trifluoroacetic acid. After 1 h at ambient temperature, the solution was concentrated in 
vacuo to give the desired product iC/MS 430.2 (M+1). 



EXAMPLE 3 



iO 




(3^44(2535^-2-Amino^<vcloproDvl-343-f2-fluorQ4-rmethvlsu lfonvlVhe 
l-oxobiJtvl1>3-flDoroDvrrolidiDe> trifluoroacetic acid salt 

Ste p A: Methyl (35>-3-r(rgit-butoxvcarbonvnamino1-4'r(3S>-3-fluorop vrrolidin-l-vl1-4- 

oxobutanoate 

15 To a stirred solution of A'-BOC-L-aspartic acid P-methyl ester (10.04 g, 40.6 namol) in 

DMF (50 mL) was added EDC (9.42 g, 49. 1 miriol), HOBT (6.60 g, 48.9 minql), (35)-3- 
fluoropyrrolidine hydrochloride (Intermediate 1, 7.59 g. 60.7 mmol) and MW-diisppropylethylamine 
(2L0 mL, 120.8 irmpl),^ After stimng a^^ teii^)erature for J2 h, the reaction was diluted . with ethyl 
acetate. The organic phase was washed sequentially with IN hydrochloric acid, W aqueous sodium 

20 hydroxide solution and brine, and concentrated under reduced pressure. Purification by flash 
chromatography (silica gel, 50:50 hexanes/ethyl acetate) afforded the desired compound. 
Step B: Methyl (25^-2-1(1 >y)-l-r(/grr-butoxvcarbonvl)amino1-2'r(35^-3-fluoroDVTrolidin>l-vll ^2- 

oxoethvl1pent-4-^noate 

To a stirred solution of the product from Step A (4.5 1 g, 14.2 mmol) in THF (150 mL) 

25 was added potassium hexamethyldisilazide (65.0 mL, 0.5M in toluene, 32.5.0 mmol) at -78 **C* The 

resulting mixture was stirred at -78 for 30 min. Allyl bromide (6.2 mL, 7 1.7 mmol) was then added. 

After stirring at -78 **C for 2 h, the reaction was quenched with saturated aqqeous amnr^onium chloride 

solution. The organic phase was separated and the aqueous phase was extracted with two portions of 

• . . . • ' 

ethyl acetate. The combined organic layers were washed with brine and concentrated in vacuo. 
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>'arification by flash ciuomatography (:<6:10 ho.anes/ethyl acetate) affbided tfjft desiied product (major 
diastereoisomer from the reaction). 

Step C: (2iSl-24fl5)4-rftgn-Butoxvcarbonvl^aimno1-24(3SV3-fluoropviTolidin-l^ 
oxoethvnpent«4-enoic acid 
J To a stirred solution of the product from Step B (1,57 g, 4:358 minol) in THF (30 niL) 

and water (20 mL) was added lithium hydroxide (1.2 g, 50.0 mmol). After stirring at room temperature 
iOT 12 h, the reaction was quenched with 17V hydrochloric acid. The organic phase was separated and the 
aqueous phase was extracted with two portions of ethyl acetate. The conibined organic layers were 
washed with brine and concentrated in vacuo to give the desired product. 
'0 Step D: (3S)'U (IS. 35V2>rrrgr/-Butoxvcarbo TiY^ )amjnnV'^-f 2-flnoro-4- 

. ( niethvlsulfonvnpheavn-1.2.4-oxadiazo^5-vll-l-oxohex>5-en-l-vll-3 -fluoropvrroiidine 
Essentially following the procedure described in Example 2, Step C, tJie title compound 
. jvas prepared from the product of Step C and Intermediate 7: 
Step E: G^-l-f(25.3^-2-f(rm'ButoxvcarbohvnaniinoM<.vciopr opvl-3-f3-f2-il^ 
15 (methvlsulfonvnphenvlM.2,4-oxadiazQl-5-viM-oxobutvl]>3-fiuQrOPvrrolidiRe 

To a stirred solution of the product from Step D (158 mg. 0.29 mmol) in ether (30 mL) 
\:'PiS added diazomethane solution (40 mL, prepared from 2 g of N-methyl-A^-nitrosourea) and paliadiam 
cetate (59.7 mg, 0.26 mmol) at 0 **C. After stirring at 0 ''C for 1 h, the reaction was quenched with 1 mL 
:}f acetic acid. The solvent was removed und^r reduced pressure and the residue was purifntd by 
: '0 preparative thin Isiver chromatography (silica gel, iD:70 hexanes/ethyi acetate*? to give, th?? desired 
product. . * 

'tepF: r3S>-14(2^\:<51-2-AnTino-4-cvclQpropvUi-r3H^2-fluoro-4.(n»^^ 

ox adiazol-5-vn-l-oxobutvn-3-fluoropvrrolidinc, triOuoroacetic a cid salt 
To a stirred solution of the product froni Step E (85 mg) in 5 mL of didiloromerhane was 
■ Jj added i ml,of 'trifluoroacetic acid. After 1 h at ambient temperature, the solution was concentrated in 
vacuo to give the desired product. LC/MS 450. 1 (M+1). 
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EXAMPLE 4 

P\ Me O cN 

•CF3CO2H 

fl.S^-14f2^.35^-2-Ainino>3-r342<hlQro-4-(methvlsulfonvnDhenvl1>L2 
cvanoDvrrolidine. trifluoroaceric acid salt 

5 Step A: " 4-Ben2vl 1-methvl GS^-S-methvl-L-aspartate 

BOC-L-aspaitic acid 4-beTizyl ester (20 g. 62 mmol) was dissolved in 300 mL of 
methanol and cooled to 0 ""C. Trimethylsilyldiazoinethane (1 30 mL, 260 mmol, IM in hexaneis) was 
added in portions until a yellow color persisted. After wanning to room temperature, the solution was 
concentrated in vacuo. This crude raaterial was dissolved in 225 mL of THF and added via cannula to a 

10 stirred solution of potassium bis(trimethylsilyl)amide (433 mL. 217 nrunol, 0.5M in toluene) at -78 ^C. 
Methyl iodide (13.5 mL, 217 mmol) was added to the mixture over 30 min and the resultant slurry was 
stirred at -78 •C for 1 h. The reaction was quenched with saturated aqueous ammonium chloride 
solution. The organic phase was separated and the aqueous phase was extracted with two portions of 
ethyl acetate. The combined organic layers were washed with saturated aqueous brine, dried over 

15 sodium sulfate and concentrated trt vacuo. Purification by flash chromatography using a Biotage® 

system (gradient, hexane to 30% ethyl acel^te/hexane) afforded the desired product. LC/MS 374.2 (M + 

23)." • . . ' . ' 

Step B: 1-Methvl (35V3-methvl-L-aspartate 

The compound from Step. A (7.3 g, 2.1 mmol) was dissolved in 60 mL of methanol and 
20 0.8 g of 20% palladium hydroxide (dry basis) on carbon was added to the solution. The reaction flask 
was flushed with nitrogen and agitated under hydrogen (40 psi) for 3 h. The reaction mixture was then 
filtered through a Olite pad and washed with 100 mL of methanol. The combined filtrate and washings 
were concentrated in vacuo to afford the product which was used in the next step directly. LCTMS 284.0 
(M+23). 

25 StepC: Methvl f2^.35:^-2-ffrgrt-butvlcM-bonvnanMno1-3-r3-r2-chl oro^-fmethvlsulfonvl^^ 

1 .2.4-oxadiazoN5-vllbutanoate 

To the crude acid from Step B (5.4 g, 21 mmol) in 150 mL of dichloromethane was 
added Intermediate 8 (6.1 g, 25 mmol) and EDC (7.9 g. 41 mmol). After stirring at room temperature for 
12 h. the reaction was diluted with dichloromethane and the organic phase washed sequentially with two 
30 portions each of water and saturated aqueous brine solution, dried over sodium sulfate and evaporated in 



-49- 



wo 2005/1083S2 



PCTAJS2005/015133 



vacuo to give tlic ci ude product A'hich was purified by flash chroniatographY. using a Biotage® sy stP-m 
'gradient, 40% lo 100% ethyl aceiate/liexane). The. pure inateriai was next disroivcd iu 250 mL of 
Dluene and the reaction mixtiire was heated to reflux for 48 h before it was cooled to room teniperature. 
Lije solvent was removed in vacuo and the residue purified by flash chromatography using a Biotage® 
system (gradient, 20% to 80% ethyl acetate/hexane) to affoid the pure product. LC/MS 374.0 (M+1- 
BOC). 

Step D: (25.35^-2-facrf>Butvlcarbonvnamino]-343>r2-chloro-4-fmethvlsulfonvnphenvn-L2.4- 
oxadiazol^S-vllbutanoic acid 

To a stirred solution of the ester from Step C ( 1 g, 2. 1 1 mmol) in 50 mL of a 4: 1 soialion 
of tetrahydrofuran: water at 0 T was added a solution of lithium hydroxide monohydrate (03 g, 6.33 
mmol) in 8 mL of water. After stirnng at 0 **C fcsr 1 h, the THF was lemoyed by evaporation under 
reduced pressure and 10 xt^j of 2N hydrochloric acid was added.. The aqueous solution was extracted 
with three portions of ethyl acetate. The combined organic, layers were washed with saturated aqueous 
brine, dried over sodium sulfate ar?d concentrated in vacuo to afford the product vhich was used in the 
next step withott purification. LC/MS 360.0 (M+l-BOC). : 

StejLB: ^r(25'35^-2>^(?g^^But vlcarbon vnaminol-3>(3^^2-chior64>(mcthvlsu l fonvnp h 
i .2.4 -oxadlazol-5-vl \ butanovl VL-proliuamide 

lb the crude acid from Step D (0, 1 5 g, 0.33 mmol) in 5 ml- of dichlorometharie was 
added L-prolintaiTude (0.057 g, 0.49 nunol). HOAt (0.090^. 0^66 mmol), MN-diisopropyletliylamine 
(0.17 mL. 0.99 mmol) and HATU (0.25 0.66 mmol). ^fter itining at room temperature for 12 h. the 
reaction was diluted with dichloromethane. The crpanic phzite was washed sequentially with two 
portions of 0.5// aqueous sodium bicarbonate solutioi. and saturated aqueous brine, dried Over sodium 
valfate. and evaporated in vacuo. Purification by HFLC (YMC Pro-C18 column, gradient clutiqn, 10- 
90% acetonitrileywater with 0. 1 % TFA) afforded the tiUe compound. LC/MS 556.2 (M+1). 
Ste2.E f"2^-l-rf25.35)-2-i^^ 

vll-l-oxobutvll-2-cvanopvrrolidine. trifluoroacetic acid salt 

To a stirred solution of the coupled product from. Step E (0.129 g. 0.23.mjnQl) in 2 mL of 
DMF was added cyanuric chloride (0.052 g, 0.28 mmol). After stirring at room tenqwrature for 1 h, the 
reaction was diluted with ethyl acetate. The organic solution was washed sequentially with two portions 
of 0.5Af aqueous sodium bicarbonate and saturated aqueous brine, driexl over sodium sulfate, and 
vaporated in vacuo. The crude material was dissolved in 4 mL of dichloromethane and 4 mL of 
-C ifluoroacetic acid. The reaction was stirred at room temperature for 1 h. The solvent was removed in 
i'Ocuo and the residue was purified by HPLC (YMC Pro-CIS column^ gradient elution, 10-90% 
acetonitrile/water with 0.1% TFA) to afford the title product. I,C/MS-438.0 (M+1). 
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EXAMPLES 
OH 

•CF3CO2H ^ 

(35)-l-r(2535)-2-Amino-343-r2<hloro^-finethvlsulf6iivnphenvl1-1.2:^^ 
oxopentvn-3-fluoropvrToIidiiie. trifluoroacetic acid salt 
5 Step A: f3^-l-f(25^-24(ggrr-Butoxvcarbohvnamino1>3-r3~f2-Chlor(>^ 
l.2.4'Oxadiazol-5-vl1-l-oxohex-5-€n-l-^vn-3>fluoropvrrolidine 

To a solution of 2-[(lS)-i-[(re^^butoxycarbo^yi)aIiuno]-2-[(35)-3-fluo^opylTolidin-l-yl] 
2-oxoethyl]pent-4-enoic acid as a mixture of diastereomers (360 mg, 1.1 mmol), prepared as described in 
Example 3, Step C, in 11 mL of 10:1 dichloromethane/N,//-dimethylformamide was added Inlermediate 8 

10 (572 mg, 23 mmol) and EDC (422 mg, 2.2 mmol)! The resulting solution was stirred at room 

temperature for 48 h then concentrated and diluted with 100 mL of ethyl acetate. The resultant mixture 
was washed sequentially with 0.5N aqueous sodium bicarbonate solution and saturated aqueous brine (2 
X 50 mL each). The organic phase was dried over magnesium sulfate, filtered, and evaporated in vacuo 
. to yield the crude coupled product. This material was dissolved into 20 rnL of toluene and 2 mL of N,N- 

15 dimethylformamide, then heated to 150 "C for 30 h. After evaporation of the teluene, the material was 
diluted with 100 mL of ethyl acetate then washed with saturated aqueous brine (3 x 50 mL). The organic 
phase was dried over magnesium sulfate, filtered, and evaporated in vacuo to yield the crude product 
This material was purified by preparative TLC (60% ethyl acetate/hexanesj lo affoixi the pure product as 
a mixture of diastereomers. LC7MS 457.3 (M-Boc+1), 459.3 (M-Boc+3). 

20 StepB: r4^^4agrr-BiitoxvcarbonvnanMnoT-3rr3-r2-chIoro-4Hfinethvlsulfonvn^ 
oxadia2ol-5-vll'5Trf3^-3-fluoropvrrolidjn-l-vn-5-oxopentanoic acid 
To the product of Step A (221 mg, 0.4 mmmol) in 50 mL of 4: 1 fert-butanol/water was 
added potassium carbonate (69 mg, 0.4 mmol), sodium periodate (870 mg, 4.0 mmol), and potassium 
permanganate (8 mg, 0.05 mmol) and the resulting pink slurry was stirred at room temperature for 12 h. 

25 The mixture was then quenched with 10 mL of saturated aqueous sodium bisulfite solution then diluted .. 
with 80 mL of IN hydrochloric acid. The mixture was then extracted with ethyl acetate (3 x 75 mL), and 
the organic layers were washed sequentially with IN hydrochloric acid and saturated aqueous brine (2 x 
.50 mL each). The organic phase was dried over magnesium sulfate, filtered,^ and evaporated in vacuo to 
yield the crude acid, which was used without further purification. LC/MS 575.3 (M+1), 577.2 (M+3). 
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Step C: (35.45)-44(fcrt>Butoxvcarbonvnamino10-r3-r2'ChIorc>^ (m 

oxadia2ol-5-vn-5-r(35)-3-fluQropviTolidin'l'Vn-5'OXop&ntaD>l"Ql 
The acid from Step B in 50 mL of tetrahydrofuran at 0 **C was treated with N.N- 
diisopropylethylamine (0.13 mL» 0.8 mmol) and isobutyl chlorofonnate (0.1 niL, 0.8 nunol) then stirred 
at 0 After IS nun, sodium borobydride (100 mg, 2.6 nunol) was added to the mixture followed by 10 
mL of ethanol and the resulting solution bubbled vigorously. The nuxture was allowed to warm to room 
j'emperature over 60 min. then diluted with 100 mL of IN aqueous hydrochloric acid, then extracted with 
'iiree 80-mL portions of ethyl acetate. The organic phases were combined and washed sequentially with 
IN hydrochloric acid, saturated aqueous sodium bicarbonate solution, afid saturated aqueous brine (80 
mL each). The organic phase was dried over magnesium sulfate, filtered, and evaporated in vacuo to 
yield the crude alcohols. This material was purified by preparative TLC (5% m^thanol/dicliloromethane) 
:0 give the pure alcohols as a mixture of (35) and (3/f) diastereomers. The diastereomeric mixture was 
resolved using a preparative chiral OD column (80% isopropanol/heptane) to give the desired (35) 
diastereonaer (least mobile under separation conditions). LC/MS 461.3 (M-tBu+1), 463.2 (M- tBu+3). 
Step D: f35)-l-f(25.35)-2>Amdno>3'r342-chloro^-(mgthvlsulfonyl)phenvl1-l.2,4-oxadiazol-^ 
vn-5-hvdroxv-l-oxopeptyn-3"fluoropvrrolidine.trifluoroacetic acid salt 
The product from Step C (50 mg, 0.089 nunol) was dissolved into 10 mL of 1:1 
rxifluoroacetic acid/dichloromethane and stirred for 60 min then concentrated. The crude material wis 
. uiified by reverse phase IWUZ (YMC ProClS column, gradient elution, 10 to 90% acetonitrile/water 
dth 0.1% TFA) to ?|ford the title compound as a colorless crystalline s.plid. LC/MS 461.3 (M+1), 463.2 
{M+3). 

Essentially following the procedures outlined for Examples 1-5, the Examples listed in 
.Cables 1-3 v/ere prepared. 

TABLE! , . 

R2 O 




Example 




■ 

Ri 


X 


MS 


6 


2-C1.4-C1 


Me . : 


.. CHj 


371.2 
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variations oi differences in results are' contemplated in accordance with the objects and practices of 
the present invention. It is intended, therefore, that the invention be defined by the scope of the claims 
which follow and that such claims be interpreted as broadly as is reasonable. 
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WHAT IS CLAIMED IS: 



1 . A compound of the fonnula I: 



I ^ 1" 



(D 

5 or a pharmaceutical ly acceptable salt thereof; wherein 
each n is independently 0, 1 , or 2; 
m and p are each independently 0 or 1 ; 

X is CH2, S, CPIF, or CF2; 
10 W and Z are each independently CH2, CHF, or CF2; 

RMs hydrogen or cyano; 

R3 is aryl or heteroaryl, wherein aryl and heteroaryl are unsubstituted or substituted with one to five 
substituents; 

15 



r2 Is selected fronn the group consisting of 
hydrogen, "* 

Ci-io aikyl, wherein alkyl is unsubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy, 
20 C2-IO alkenyl, wherein alkenyl is unsubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy, 
(CH2)n-aryl, wherein aryl is unsubstituted or substituted with one to five substituents 

independently selected hydroxy, halogen, CO2H, Ci-g alkyloxycarbonyl. Ci-6 alkyl, 
and Ci^ alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to 

25 five halogens, 

(CH2)n"JieteroaryI, wherein heteroaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, CO2H, Ci-6 
alkyloxycarbonyl, Ci^ alkyl, and Ci^ alkoxy, wherein alkyl and alkoxy are 
unsubstituted or substituted with one to five halogens. 



-57- 



wo 2005/108382 



PCT/US2005/015133 



(CH2)n-^terocyclyl, wherein, heterocyclyl is unsubstituted cix>ub.stituicd with one lO thiec 
sub^tituents independently selected from oxo, hydroxy, halogen, CO2H, Ci^s 
alkyloxycarbonyl, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are 

unsubstituted or substituted with one to five halogens, 
(CH2)n-C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to three 
substituents independently selected from halogen, hydroxy, CO2H, Ci-6 
alkyloxycarbonyl. Ci_6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are 

unsubstituted or substituted with one to five halogens, 
(CH2)nC00H. 

(CH2)nCOOCi^ alkyl. . , 

(CH2)nCONR5R6, wherein and R6 are Independently selected from the group consisting of 
hydrogen, tetrazolyl, thiazolyl, (CH2)n-phenyl, (CH2)n-Cl3^ cycloalkyl. and Ci-g alkyl, 
wherein alkyl is unsubstituted or substituted with one to five substituents independently 
selected from halogen and hydroxy and wherein phenyl and cycloalkyl are unsubstituted 
or substituted with one to five substituents independently selected from halogen, 
hydroxy, C1.6 alkyl. and Ci-6 alkoxy, wherein alkvl and alkoxy are unsubstituted or 

substituted with one to five halogens; 

or wherein r5 and R^ together with the nitrogen atom to which they are attached form a 
heterocyclic ring selected from azetidine, pyrrolidine, piperidine. piperazine, and 
moipholine wherein said heterocyclic ring is dpsubstitiited or substituted with one to 
three substituents independently selected from halogeii, i^ydroxy, Ci-6 alkyl. ajid Ci-6 

alkoxy, wherein alkyl atid alkoxy axe unsubstituted or substituted with one to five 
halogens; and 

wherein any n^elhylene (CH2) carbon atom in R'4 is unsubstituted or substituted with one to tv/o 
w;roups independently selected frorh halogen, hydroxy, and Cm alkyl unsubstituted or 
•<iubstituted with one to five halogens; 

each R^ is independently selected from the group consisting of 
halogen, 

vyano. 
hydroxy, 

C1.6 alkyl, wherein alkyl is unsubstituted or substituted with one to five halogens. 
Ci^ alkoxy, wherein alkoxy is unsubstituted or substituted with ohe to five halogens. 
(CH2)n-NR5R6 
(CH2)n^CONR5R6. 
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(CH2)n-OCONR5R6 
(CH2)n-S02NR5R6. 

(CH2)n-S02R8. 

(CH2)n-NR7S02R8, 

(CH2)n-NR7CX)NR5R6. 

(CH2)n-NR7cX)R7. 

(CH2)n-NR7C02R8. 

(CH2)n-C00H, 

(CH2)n-C0OCi^ alkyl 

(CH2)n-aryl. wherein aryl is unsubstituted or substituted with one to five substituents 
independently selected from halogen, hydroxy, CO2H, 

Ci-6 alkyloxycarbonyl, Ci^ alky], C3^ cycloalkyl, and Ci^ alkoxy, wherein alkyl and 

alkoxy are unsubstituted or substituted with one to five halogens, 
(CH2)n-heteroaryl, wherein heteidaryl is unsubstituted or substituted with one to three 
substituents independently selected from hydroxy, halogen, CO2H, 
alkyloxycarbonyl, Ci-6 alkyl, C3-6 cycloalkyl, and Ci^ alkoxy, wherein alkyl and 

alkoxy are unsubstituted or substituted with one to five halogens, 
(CH2)n-heterocyclyl, wherein heterocyclyl is unsubstituted or substituted with one to three 
substituents independently selected from 0x0, hydroxy, halogen, CO2H, Cl-6 
alkyloxycarbonyl, C1.6 alkyl, €3^. cycloalkyl, and Ci^ alkoxy, wherem alkyj and 

alkoxy are unsubstituted or substituted with one to five halogens, - 
(CH2)n-^3-6 cycloalkyl, whereiii cycloalkyl is unsubstituted or substituted with.ohe to three 

substituents independently selected from halogen, hydroxy, Ci^ alkyl, and Ci-6 alkoxy, 

whereiri alkyl and alkoxy are unsubstituted or substituted with one to five halogens, 
wherein any methylene {GH2) carbon atom in R"^ is unsubstituted or substituted with one to two 
groups independently selected from halogen, hydroxy, and C1-4 alkyl unsubstituted or 
substituted with one to five halogens; 

R^ and R6 are each independently selected from the group consisting of hydrogen, tetrazolyl, thiazolyl, 
(CH2)n-phenyL (CH2}n-C3-6 cycloalkyl, and Ci^ alkyl, wherein alkyl is unsubstituted or substituted 

with one to five substituents independently selected from halogen and hydroxy and wherein phenyl and 
cycloalkyl are unsubstituted or substituted with one to five substituents independently selected from 
halogen, hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted 

with one to five halogens; 
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or and together with the nitrogen atom .c which they are attached lorra a heterocyclic ring 



.'.elected from azetidine, pyrrolidine, piperidine, piperazine, and motpholine wherein said lieterocyclic 
ring is unsubstituted or substituted with one to three substituents independently selected from halogen, 
hydroxy, Ci^ alkyl. and C]^ alkoxy, wherein alky] and alkoxy are unsubstituted or substituted with one 

5 tc. five halogens; 

each R8 is independently selected from the group consisting of tetrazolyl, thiazolyl, (CH2)n-phenyl, 
(CH2)n-C3-6 cycloalkyl» and Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one to five 

halogens and whereir phenyl and cycloalkyl are unsubstituted or substituted with one to five substituents 
jiO independently selected from halogen, hydroxy, Ci^ alkyl, and Ci^ allcoxy, wherein alkyl and alkoxy 
are unsubstituted or substituted with one to five halogens, and wherein any methylene (CH2) caibon 

atom in R^ is unsubstituted or substituted with one to two groups independently selected from halogen, 
hydroxy, and C1-4 alkyl imsubstituted or substituted with one to five hdlogen^; and 

racb R7 is hydrogen or R8. 



2. The compound of Claim 1 wherein the carbon atom marked with an * has the 
sterrcchemirai configuration as depicted in formula la: • 



R2 O 




(la) 



3. The compound of Claim 2 wherein the carbon atom attached to R^ marked with 
an has the stereochemical configuration as depicted in the formula lb: 



R2 O R^ 




P 



(lb) 



4. 



The compound of Claim 1 wherein m is 1 and p is 0 as depicted in foimula Ic: 
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R2 O ri 
^N-O NHz 

ac) 



5. The compound of Claim 4 wherein the carbon atom marked with an * and the 
carbon atom marked with an ** have the stereochemical configurations as depicted in the formula Id: 



N-O NHz 

(Id) . . 

6. The compound of Claim 5 wherein Rl is hydrogen; W is CH2; and X is CH2, 



CHForCF2. 



7. The compound of Claim 1 wherein is hydrogen; X is CHF. and m and p are 
as depicted in the formula le: 

R2 O 

. " ae) - . ■ ■ 

8. The compound of Oaim 7 wheiein the carbon atom marked with an * has the 
stereochemical configuration as depicted in the formula If: 

R2 q 




^N'O NH2 

(If) . . 
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9. i he coiDpound iu' Claim 1 whereiL is hydrogen, and m and p are } as 
riepicted in foninila Ig: 



R-^ O 




N W 

I 



08) 



10. The compound of Claim 9 wherein the carbon atbin marked with an * has the 
* stereochemical configuration as depicted in the formula Di: • 



R2 O 



N'O NH2 k^,X 
Oh) . . 



1 1 < The compound of Claim 1 0 wherein W and Z are CH2 and X is CHF or CF2. 

12. The compound cf Claini 1 wherein R*^ is selected trom the group consisting of : 
'^fy aikyl» wherein alkyl is uncubstituted or substituted with one to five substituents 

independently selected from halogen or hydroxy, 
s :2-6 alkenyl, wherein alkenyl is unsubstituted or substituted with one to ifive substituents 

independently selected from halogen or hydroxy. ... 
\Cii2)u-C3-6 cycloalkyl, wherein cycloalkyl is unsubstituted or substituted with one to three 
substituents independently selected from halogen, hydroxy , CO2H, Ci-g 
alkyloxycarbonyl, C1.6 alkyl, and Ci^ alkoxy. wherein alkyl and alkoxy are 

unsubstituted or substituted widi one to five halogens, 
(CH2)nCOOH, 
(CH2)nCOOCi.6 alkyl, 

jCH2)nCONR5R6, wherein and r6 are independently selexrted from the group consisting of 
hydrogen, tetrazolyl, thiazolyl, (CH2)n-phenyl, (CH2)n-C3-6 cycloalkyl, and Ci-6 alkyl, 
wherein alkyl is unsubstituted or substituted with one to five substituents independently 
selected from halogen and hydroxyand wherein phenyl and cycloalkyl are unsubstituted 
or substituted with one to five substituents independeh'tiy selectfjd liom halogeh, 
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hydroxy, C1-5 alkyK and Ci-6 alkoxy. wherein alkyl and alkoxy are unsubstituted or 
substituted with one to five halogens; 

or wherein and R6 together with the nitrogen atom to which they are attached form a 
heterocyclic ring selected from azetidine, pyrrolidine, piperidine, piperazine, and 
morpholine wherein said heterocyclic ring is unsubstituted or substituted with one to Hve 
substituents independently selected from halogen, hydroxy, Ci^ alkyl, and Ci^ alkoxy, 

wherein alky] and alkoxy are unsubstituted or substituted with one to five halogens; and 
wherein any methylene {CH2) carbon atom in R2 is unsubstituted or substituted with one to two 

groups independently selected from halogen, hydroxy, and C]^ alkyl unsubstituted or substituted 
with one to five halogens. 

13. The compound of Claim 12 wherein R^ is selected from the group consisting of : 
C1.3 alkyl, wherein alkyl is unsubstituted or substituted' with one to five substituents 

independently selected from halogien or hydroxy, 
CH2-C3-6 cycloalkyl, 

COOH, 

COOCi^ alkyl, 

CONR5r6, wherein R^ and r6 are independently selected from the group consisting of 

hydrogen, tetrazolyl, thiazolyl, (CH2)n-phenyl, (CH2)n^3-6 cycloalkyl. and C]^ alkyl, 
wherein alkyl is unsubstituted or substituted with one to fiye substituents independently 
selected from halogen and hydroxyand wherein phenyl and cycloalkyl are unsubstituted 
or substituted with one to five substituents independently selected from halogen, 
hydroxy, Ci-6 alkyl, and Ci_6 ^Ikoxy, wherein all^l and alkoxy are unsubstituted or 

substituted with one to five halogens; 
or wherein R^ and R6 together with the nitrogen atom to which they are attached form a heterocyclic 
ring selected from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said 
heterocyclic ring is unsubstituted or substituted with one to five substituents independently selected 
from halogen, hydroxy, Ci^ alkyl, and Ci^ alkoxy, wherein alkyl and alkoxy are unsubstituted or 

substituted with one to five halogens. 

14. The compound of Claim 1 of structural foimula li: 
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R2 O 




wherein X is CH2, S, CHF, or CF2; 
W and Z are each independently CH2, CHF. or CF2; 
R3 is aiyl, unsubstituted or substituted with one to three substituents; 
is selected from the group consisting of: 

methyl, 

ethyl, 

propyl. 

2-methylpropyl, 

propenyJ, 

CH2-cyclopropyl. 

CH2-(l-nielhylcyclopropyl), 
2-hydroxyethyU and 
2,?--<iifiUoropropyl; and 
each is independently selected from tlie group consisting of" 
halogen, 

Ci_6 alkyl, wherein alkyl is unsubstituted or substituted with one to five halogens, 
Ci^ alkoxy, wherein alkoxy is unsubstituted or substituted with one to five halogens, 
S02NR5r6, 

•SO2R8. • ' 

NR''S02R8, and 

heterbaryl. wherein heteroaryl is unsubstituted or substituted with one to three substituents 
independently selected from hydroxy, halogen, CO2H, 
Ci^ alkyloxycarbonyl. Ci-6 alkyl, and Ci-6 alkoxy, wherein alk*yl and alkoxy 
are unsubstituted or substituted witJi one to five halogens. 

15. The confound cf Claim 14 wherein R3 is .^elected from the group consisting of: 
2-(trifluoromethoxy)phenyl. 
4-(trifluoromethoxy)phenyl, 
.'1,5-dichlorophenyl, 
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2»4-dichloropheny], 
2,4^ifluorophenyl, 

3.5- difluorophenyI, 
2-fluorophenyI, 
4-f]uorophenyl, 
2-chJorophenyl, 
4-chIorophenyl, 

2- (trifluoromethyl)phenyI, 

3- (trifluoromethyl)phenyI, 

4- (trifluoromethyl)phenyl, 
2-fluoro-4-(trifluoromethyl)phenyl, 
2-chloro-4-(trifluoromethyl)phenyl, 

2.6- dichloro-4-(trifluoromethyi)phenyl, 

2-chloro-4-fluorophenyl, . . 

2-chloro-4-bromophenyl, ' 

4-(inethylsulfonyl)phenyl, 

4-[(trifluoromethyl)sulfonylJphenyl, 

4-(ainjnosulfonyJ)pbenyl, 

4-[cyclopropylanuno)sulfonyl]phenyl, 

4-[(methyIsulfonyl)anuno]phenyl, 

.2-fluoro-4-(methylsulfonyl)phenyl, 

2-chloro-4-{methylsulfonyI)phenyU 

2-fluoro-4-[(methylsulfonyl)amino]phenyl, 

2-chloro-4-[(inethylsulfonyl)ainino]phenyl, - 
2-fluoro-4-(aminosulfonyl)phenyl, 
2-cIiloro-4-(an?inosulfonyI)pheny!, 
2-chloro-4-(tetra2oM-yl)phenyl, and 
2-chloro-4-(ieirazol-5-yl)phenyJ. 

16. The compound of Claim 1 which is selected from the group consisting of: 
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MeSOo 




NH2 



N''\ 



CI . j 0 



MeSO— ^ 



MeSOg- 




MeSO. / V 



GN 



N 



NH, 





N 
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MeSO: 



N-O NH2 W^F 



MeSO: 



MeSO' 



cr a pharmaceutically acceptable salt thereof. 




and 



5 17. A pharmaceutical composition which comprises a con^oiind of Gaim 1 and a 

pharmaceutically acceptable carrier. 

1 8. Use of a compound in accordance with Claim 1 in the manufacture of a 
medicament for use in treating a condition selected from the group consisting of hyperglycemia. Type 2 
10 diabetes, obesity, and a lipid disorder in a mammal. 



19. The use according to Qaim 18 wherein said lipid disorder is selected from the 
group consisting of dyslipidemia, hyperlipidemia, hypertriglyceridemia, hypercholesterolemia, low HDL, 
and high LDL. 
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